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SECTION  I 


INTRODUCTION 


Gas  turbine  engines  for  jet  aircraft  must  maintain  high  performance  over  a  wide  range  of 
flight  conditions.  Thus,  many  of  the  components  in  these  engines  incorporate  vari¬ 
able-geometry  configurations  and  bleed  systems  to  meet  the  requirements  of  changing  environ¬ 
ments.  The  fan  and  compressor  normally  contain  a  combination  of  variable  vane  rows  and 
bleeds  to  accomplish  this  objective.  Hence,  optimization  of  variable  vanes  and  bleeds  or 
selection  of  the  best  vane  and  bleed  schedule  playB  a  very  important  role  in  compression 
system  development  During  initial  development,  most  compressors  are  built  with  all  vane 
rows  variable,  even  though  only  a  few  rows  may  be  variable  in  the  final  design  configuration. 
Optimization  objectives  vary  from  configuration  to  configuration.  However,  typical  examples  of 
parameters  requiring  optimization  include  overall  efficiency,  surge  margin,  airflow,  and  pres¬ 
sure  ratio. 

Current  optimization  techniques  generally  consist  of  running  a  matrix  of  test  points  with 
various  geometry  settings,  shutting  down  the  test  article,  reviewing  the  interstage  aero¬ 
dynamics,  selecting  a  new  series  of  test  points  using  engineering  judgement,  and  further 
diagnostic  testing.  This  process  is  very  time-consuming  and  expensive  and  rarely  achieves  a 
true  optimum. 

Compressor  test  facilities  are  often  linked  to  large  computers  for  online  data  feedback. 
Experience  in  compressor  development  and  system  simulation  indicates  that  utilizing  a 
software  package  through  a  logical  series  of  iterations  could  guide  decisions  of  the  test  engineer 
and,  thus,  reduce  the  number  of  data  points  and  test  time  required  to  achieve  an  optimum 
performance  goal.  Ultimately,  a  system  could  conceivably  be  used  to  control  the  search  for 
optimum  performance.  This  contract  effort  developed  a  computer  program  in  FORTRAN  IV 
language  capable  of  guiding  the  optimization  of  vane  and  bleed  settings  in  multi-stage  axial 
compressors. 

The  technical  approach  to  the  development  of  software  for  optimization  of  vane  and 
bleed  settings  in  multi-stage  axial  compressors  involved  definition  of  optimization  goals, 
development  of  the  performance-seeking  logic,  creation  of  a  computer  program  to  complement 
the  logic,  and  demonstration  of  the  function  of  the  software. 

This  user’s  manual  describes  the  vane  and  bleed  optimization  computer  program  (Cus¬ 
tomer  Computer  Deck  CCD  1182).  The  program  includes  the  capacity  of  handling  four 
variable  vanes  and  one  bleed.  The  basic  goal-seeking  algorithm  is  the  COPES/CONMIN 
approximate  optimization  method  described  in  Reference  1.  The  program  includes  a 
stage-by-stage  compressor  model  that  simulates  an  eleven-stage,  four  variable-vane  compressor 
to  demonstrate  program  capabilities.  This  document  presents  sample  problems  using  the 
compressor  simulation  to  help  the  user  become  familiar  with  the  program  deck. 
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SECTION  H 


PROGRAM  DESCRIPTION 


Computer  program  CCD  1182-0.0,  developed  on  an  IBM  3033  computer,  is  a  FORTRAN 
program  capable  of  guiding  the  optimization  of  vane  and  bleed  settings  in  multi-stage  axial 
compressors.  Operated  through  an  iterative  terminal,  the  computer  program  is  designed  to  be 
used  in  a  manual  mode  with  real-time  data  reduction.  Inputs  include  the  optimization  goal, 
vane  and  bleed  setting  limits  (e.g.,  ±  10  deg  about  the  base  vane  setting),  vane  and  bleed  initial 
settings,  performance  constraints,  and  compressor  rig  measurements  of  overall  performance. 
The  main  element  of  the  computer  program  consists  of  the  COPES/CONMIN  approximate 
optimization  algorithm  that  provides  the  test  engineer  with  information  required  for  the  next 
vane  or  bleed  setting.  Flow  charts  showing  program  logic  appear  in  Figures  1  and  2 

The  vane  optimization  program  primarily  performs  an  information  management  task. 
The  program  supplies  the  computer  terminal  with  several  successive  information  displays 
based  on  stored  data.  The  operator  initially  selects  one  of  seventeen  optimization  goals 
summarized  on  the  display  screen.  This  display  alone  is  sufficient  to  describe  required 
operator  actions  and  specific  test  goals. 

The  operator  will  then  be  prompted  for  the  number  of  variable  vanes  and  bleeds  (N)  to 
be  optimized,  upper  and  lower  bounds  for  vane  angle  and  bleed  flow,  and  the  size  of  the 
incremental  vane  and  bleed  variation  used  for  the  first  N+l  test  points.  At  this  point,  the 
program  will  tell  the  operator  to  run  the  base  condition  from  which  the  optimization  will 
begin.  The  operator  is  then  prompted  for  the  vane  and  bleed  settings,  and  performance  index 
(and  constraint  values,  if  applicable).  The  performance  index  and  constraint  values  are  defined 
based  on  the  optimization  goal  selected.  These  may  be  efficiency,  stall  margin,  corrected  flow, 
or  pressure  ratio,  all  of  which  are  available  from  the  compressor  test  facility.  The  first  basis 
vane  angle  and  bleed  perturbations  are  calculated  and  returned  to  the  operator.  The  per¬ 
formance  index  and  constraint  values  are  input  to  the  terminal.  Additional  basis  vane  angle 
and  bleed  perturbation  cases  are  run  until  N+l  test  points  are  run.  The  points  run  provide  an 
initial  model  of  the  performance  index  function.  After  the  performance  index  model  is  created, 
multiple  optimization  passes  are  made  using  this  approximate  design  model.  The  approx¬ 
imated  optimum  vane  and  bleed  settings  (as  determined  by  this  pass)  are  sent  to  the  operator. 
During  the  setting  of  new  conditions,  the  operator  monitors  for  external  constraints,  such  as 
flutter  or  blade  strain.  If  and  when  these  limits  are  reached,  the  performance  index  may  be 
modified  to  account  for  an  aeromechanical  constraint  boundary.  A  convergence  check  and  test 
for  maximum  iterations  is  made.  The  program  control  will  return  to  OCPES/OOVON  with  the 
new  data  point.  The  COPES  performance  index  model  is  updated  and  a  new  optimization 
iteration  proceeds. 

Following  a  convergence  at  the  optimum,  a  description  of  the  convergence  criteria  will  be 
displayed  and  a  complete  documentation  of  the  optimization  path  will  be  printed.  The 
following  paragraphs  describe  the  program  elements  in  detail. 

NETIAUZATION 

Data  initialization  occurs  in  two  ways:  through  block  data  and  through  operator  input. 
Block  data  is  used  to  initialize  the  data  which  generally  does  not  change  from  one  test  case  to 
another.  The  optimization  program  will  ask  the  operator  for  any  further  information  required 
to  complete  the  initialization  for  a  given  test  case. 
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Figure  1.  Vane  Optimization  Logic 


COMPUTER  TERMINAL  DISPLAYS 

The  program  title  page,  shown  in  Figure  3,  will  be  automatically  displayed  on  the 
terminal  once  the  program  has  been  loaded  into  the  computer  and  the  program  is  operational. 
Once  the  user  initiates  the  program  operation,  a  list  of  optimization  goals  will  appear  on  the 
terminal  for  selection  of  the  specific  goal  desired.  A  sample  of  the  second  display  appears  in 
Figure  4.  Following  selection  of  the  desired  goal,  the  interactive  terminal  will  display  the 
choice  for  verification.  Typical  versions  of  this  display  ?  shown  in  Figures  5  and  6. 

The  displays  that  follow  on  the  terminal  perform  four  functions,  as  described  below: 

1.  Generate  reminders  of  compressor  operating  conditions  which  may  need  to 
be  held  during  the  optimization  process 

2.  Set  upper  and  lower  bounds  for  vane  settings  and  performance  constraints 

3.  Define  the  starting  sequence  of  the  test 

4.  Prompt  the  operator  to  make  certain  vane  movements  and  perform  effi¬ 
ciency  and/or  stall  margin  calculations. 

Data  entry  displays  will  always  repeat  the  entered  information  and  await  an  accuracy  approval 
or  a  correction  command.  Figures  7  through  16  show  examples  of  how  these  functions  are 
performed. 

DATA  STORAGE  (ERROR  RECOVERY) 

The  internal  logic  of  COPES/CONMIM  is  incapable  of  “backing  out”  the  previous  input 
data  if  an  error  has  been  incurred.  To  minimize  errors,  the  terminal  input  data,  as  interpreted 
bv  the  computer,  is  redisplayed  for  verification  prior  to  being  stored.  If  an  error  is  still  made,  a 
complete  restart  of  the  optimization  logic  is  required.  However,  the  compressor  (or  compressor 
model)  need  not  be  rerun.  The  computer  program  is  reinitialized  by  the  statement  RFLAG=1. 
and  the  data  values  are  re-entered  exactly  as  they  were  originally  input.  Operator  prompting 
will  continue  as  during  normal  operation. 

STARTING  SEQUENCE  OF  TESTS 

The  basic  aim  of  the  COPES/CONMIM  approximate  optimization  is  to  optimize  an 
approximate  surface  by  Taylor  series  expansion.  To  provide  an  initial  model  of  this  surface,  a 
sequence  of  tests  is  performed  wherein  each  vane  and  bleed  setting  is  randomly  varied.  The 
minimum  number  of  tests  is  N+l.  Figure  17  presents  the  suggested  starting  sequence  for  up  to 
four  variable  vanes  and  one  bleed.  Incremental  vane  and  bleed  settings  are  an  operator  input 
and  may  be  chosen  based  on  the  expected  performance  sensitivity  to  vane  angle.  For  high 
stage-loading  compressors,  a  value  between  ±  1  and  ±2  deg  is  suggested.  Note  that  to  reduce 
experimental  error,  vanes  are  not  reset  between  tests  in  this  sequence. 
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Figure  :i  Title  Page 
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Figure  h 5.  Vane  and  Compressor  Rig  Settings  Display 


OPERATOR-IMPOSED  CONSTRAINTS 

During  a  test  program,  the  operator  will  be  monitoring  a  variety  of  strain  gauge  and  blade 
flutter  monitors.  Any  of  these  sensors  may  allow  the  operator  to  conclude  that  the  test  point 
vane  settings  may  threaten  the  mechanical  integrity  of  the  compressor.  Rejection  of  a  test 
point  should  not  automatically  bring  about  the  conclusion  of  the  optimization  attempts.  The 
way  to  avoid  this  vane  setting  region  (and  discourage  further  movement  in  the  hazardous 
direction)  is  by  the  artificial  creation  of  a  performance  index  deterioration  or  a  constraint 
variable  rise.  A  series  of  such  actions  by  the  operator  will  define  to  the  program  a  wall  or 
barrier  that  should  not  be  crossed  due  to  the  optimum-seeking  or  constraint-avoidance  logic. 
The  technique  employed  in  the  vane  optimization  program  is  to  change  the  performance  index 
of  the  hazardous  point  by  a  factor  of  two.  This  is  enacted  by  indicating  that  flutter  or  excessive 
vibration  has  occurred  at  the  requested  point. 

STOPPING  POINT 

The  stopping  criteria  used  in  this  program  include: 

1.  A  minimum  relative  change  in  the  objective  function  to  indicate  con¬ 
vergence 

2.  An  absolute  change  in  the  objective  function 

3.  A  maximum  number  of  iterations 

4.  Two  consecutive  approximate  optimizations  resulting  in  the  same  vane 
angle  settings. 
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SECTION  IN 


PROGRAM  ORGANIZATION 


GENERAL 

The  main  program,  as  shown  in  Figure  18,  consists  simply  of  calls  to  the  various 
subroutines  used  to  initialize  the  input  into  the  COPES/CONMIN  optimization  subroutine 
known  as  VOPT.  Additionally,  the  main  program  contains  logic  for  restarting  the  program  at 
any  point  during  the  optimization.  A  description  of  each  subroutine  appears  in  the  following 
paragraphs. 

Subroutine  PAGE1 

Subroutine  PAGEl  writes  the  title  page  to  the  screen  and  to  the  printer.  The  subroutine 
then  waits  until  the  operator  depresses  ENTER  to  go  to  subroutine  GOAL. 

Subroutine  GOAL 

Subroutine  GOAL  displays  the  listing  of  optimization  goals  and  asks  the  operator  to 
enter  the  value  of  the  desired  goal.  It  should  be  noted  here  that  the  value  of  the  desired  goal 
should  be  right  adjusted  in  a  two-column  field.  This  means  that  numbers  1  through  9  should 
be  entered  as  01  through  09.  Subroutine  GOAL  then  writes  to  the  screen  the  goal  which  the 
operator  selected.  When  the  operator  is  satisfied  with  the  goal  he  has  selected,  subroutine 
GOAL  then  returns  to  the  main  program  with  the  value  of  the  desired  goal. 

Subroutine  OPTCON 

Subroutine  OPTCON  takes  the  value  of  the  desired  goal  and  prompts  the  operator  for 
the  necessary  input  to  be  used  to  write  the  COPES/CONMIN  program  input  data. 

Subroutine  8TART 

Subroutine  START  takes  the  initial  X-vector  and  the  number  of  design  variables  (NDV) 
and  then  creates  NDV+1  X -vectors  by  perturbating  the  vane  angles  and  bleed  flow  by  some 
given  amounts  input  by  the  operator.  The  subroutine  writes  these  vectors  into  a  file  that  will 
be  read  by  COPES/CONMIN. 

Subroutine  8CFILE 

Subroutine  SCFILE  takes  all  of  the  block  data  and  all  of  the  input  from  subroutine 
OPTCON  and  writes  it  into  a  file  in  right-adjusted  fields  of  10  columns  each. 
COPES/CONMIN  then  reads  this  file  in  its  optimization  process. 

Subroutine  VOPT 

Subroutine  VOPT  is  the  COPES/CONMIN  optimization  program. 


Subroutine 

PAGE1 

I TZ 

Subroutine 

GOAL 

♦ 

Subroutine 

OPTCON 


Subroutine 

SCFILE 

m 

Subroutine 

VOPT 
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Subroutine  ANALIZ 

The  COPES  User's  Manual  (Reference  1)  explains  subroutine  ANALIZ.  An  additional 
feature  has  been  added  to  the  usual  ANALIZ  output.  When  the  program  reaches  a  final 
solution,  ANALIZ  will  write  out  the  final  results  on  the  screen  for  the  operator  to  see. 

Subroutine  ANALIZ  includes  a  restart  signal  enabling  the  operator  to  restart  the 
program  without  re-entering  the  data  through  subroutine  OPTCON. 

INITIALIZING  INPUT-OUTPUT  FILES 

Before  executing  the  vane  optimization  program,  the  user  must  allocate  the  following 

files: 


File  No. 

Program  Name 

Use 

5 

ISCRX 

Contains  initial  NDV+1  X-vectors 

5 

ISCRXF 

Contains  X-F  pairs  on  a  continuous  basis 

6 

IPRINT 

Output  to  printer 

11 

ISC 

Scratch  file  which  contains  COPES/ 
CONMIN  input  data 

12 

ISCR1 

Scratch  file  used  by  COPES/CONMIN 
program 

13 

ISCR2 

Scratch  file  used  by  COPES/CONMIN 
program 

15 

IREAD 

Input  from  terminal 

16 

IWRITE 

Output  from  terminal 

All  files,  except 

File  13  (ISCR2)  should  contain  the  following  attributes:  Block 

6160,  logical  record  length  —  80,  and  record  format  —  fixed  block.  File  13  should  contain  the 
following:  block  size  —  6160,  logical  record  length  —  85,  and  record  format  —  variable  block 
span.  Figure  19  shows  a  sample  procedure  for  initializing  these  input-output  files. 


ATTRXB  WORK  BLKSIZEt 61601  LRECLt  BO )  RECFIMF  B> 

ATTRIB  MOST  BLKSIZE(6160I  LRECLt  651  RECFMt V  B  3) 

/*  ALLOCATE  OATASETS 

/*  FILE  XREAO 

ALLOC  DBtFT15F001»  DSN<«»  REUSE 
/*  FILE  IX7ITE 

ALLCC  ODt  FT16F001 1  OSHt»>  REUSE 
/•  FILE  ISC 

ALLOC  DDtFTllFOOl)  OSN(  'XXXXXXX. FILE. Fll. DATA*  I  NEW  SPll.l)  TRACKS  - 
USXKSIUC3K)  REUSE 
/*  FILE  ISCRI 

ALLCC  OD( FT12F001 )  DSNt ‘XXXXXXX. FILE. F12. DATA' >  NEW  SP(l.l)  TRACKS  - 
L'SIKGtUO.lK  I  REUSE 
/*  FILE  ISCR2 

ALLOC  DO( FT13F001 )  OSHt ‘XXXXXXX . FILE .F13. DATA’ )  NEW  SP(1,1)  TRACKS  - 
USIHStUjRT)  KEU5C 
/*  FILE  IFRINT 

ALLCC  ODt  FT06F001 )  SYSOUTt 2CLASS )  REUSE 
/«  FILES  ISCRX  AND  ISCRXF 

ALLCC  COt FT05F001 )  DSNt ‘XXXXXXX. FILE . F05. DATA ‘ >  HEM  SPtl.l)  TRACKS  - 
USItiSt  WORK )  REUSE 


00000030 

00000032 

00000040 

00000050 

00000060 

00000070 

00000000 

00000090 

00000100 

ooooono 

00000115 

00000120 

00000130 

00000135 

00000140 

00000150 

00000155 

00000160 

00000170 

OOOOOICO 

00000190 

00000195 
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Figure  19.  Initialization  Procedure 


SECTION  IV 


COPES/CONMIN  DESCRIPTION 


THEORY 

CONMIN  (Reference  2)  represents  a  general  purpose  optimization  program  designed 
primarily  for  the  optimization  of  constrained  functions.  The  basic  optimization  algorithm  used 
in  CONMIN  employs  a  direct  search  technique  based  on  the  method  of  feasible  directions 
described  in  Reference  !1.  The  algorithm  has  been  modified  to  impiove  efficiency  and 
numerical  stability  and  to  solve  optimization  problems  in  which  one  or  more  constraints  are 
initially  violated  (Reference  4).  In  a  subroutine  format,  OONMIN  can  be  called  by  a 
user-supplied  main  program.  The  user  should  supply  a  main  program  containing  the  analysis, 
constraints,  equations,  and  objective  function.  Therefore,  if  an  existing  analysis  program  is 
used,  the  analysis  portion  may  need  some  reorganization,  and  constraint  equations  must  be 
prepared  in  accordance  with  CONMIN  requirements. 

In  order  to  eliminate  this  inconvenience,  a  control  program  known  as  COPES  (a 
FORTRAN  Control  Program  for  Engineering  Synthesis)  was  developed  by  the  same  author 
who  developed  CONMIN.  COPES  combined  with  CONMIN  enables  the  use  of  CONMIN  as  a 
"black  l>ox”  for  optimization  in  automated  design  synthesis.  The  user  need  only  provide  a 
FORTRAN  analysis  program  for  the  particular  problem  being  considered.  COPES  simply  calls 
the  user-supplied  program  written  according  to  a  simple  set  of  guidelines.  The  capabilities  of 
COPES/CONMIN  include: 

1.  Simple  analysis 

2.  Optimization 
Sensitivity  analysis 

4.  Two- variable  function  space  generation 
a.  Optimum  sensitivity  analysis 
(i.  Approximate  optimization. 

Particularly,  approximate  optimization  provides  the  most  suitable  technique  for  the 
compressor  vane  optimization  problem  where  the  number  of  test  points  needed  to  perform  the 
optimizuton  is  a  limiting  factor.  The  basic  idea  of  approximate  optimization  technique  involves 
sequentially  optimizing  an  approximate  design  function  surface  generated  from  available 
information.  In  this  program,  the  design  surface  represents  a  function  of  efficiency  and  stall 
margin.  At  the  end  of  the  optimization,  the  design  surface  is  updated  with  information  from  a 
precise  analysis,  or  test,  at  a  new  set  of  design  variables.  This  new  approximate  problem  is 
then  optimized,  followed  by  a  new  precise  analysis.  This  process  repeats  until  the  solution  has 
converged. 

COPES/CONMIN  possesses  the  capability  to  do  up  to  a  second-order  approximation.  If 
excessive  data  are  available,  the  extra  data  are  applied  to  a  weighted  least-square  fit,  rather 
than  in  obtaining  higher  order  approximations.  If  a  quadratic  design  surface  were  assumed,  the 
second-order  approximation  would  be  precise.  If  the  problem  at  hand  can  be  approximated  by 
a  quadratic  function,  this  method  becomes  feasible. 

An  outline  of  the  sequential  approximation  approach  (Reference  5)  appears  below.  The 
second-order  approximate  form  comes  from  a  Taylor  series  expansion  of  any  function,  noted  as 

Af=:  V  f  •  Ax+ 1  :>  Axt[H1Ax  (1) 
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where, 


Ax  x  -  x° 

Af  =  f  -  f° 


r  jl 

iif 

af  y 

L  Hx, 

Hx, 

HX.  J 

iff 

a‘f 

iff 

iix\ 

Oxfix, 

'  dx,dx. 

iff 

i)x\ 

Symmetric 


(2) 


n  =  number  of  design  parameters 
x"  =  nominal  design  analyzed  to  yield  F. 

Equation  1  holds  for  both  objective  and  constraints.  The  unknowns  are: 


af 

ax, 


J!L  Jl 

dx\  '  '  ‘ 


for  a  total  of  (C  =  n  +  n  (n+l)/2).  Since  one  analysis  is  required  for  the  nominal  design,  a  total 
of  (2+1)  test  points  are  required  to  determine  the  unknowns,  (VO  and  [  H  ].  If  more  than 
((+1)  tests  are  available,  a  weighted  least-square  fit  is  used. 


Since  previous  test  data  show  that  efficiency  and  stall  margin  can  be  closely  approx¬ 
imated  locally  in  quadratic  form  in  terms  of  the  vane  angle,  quadratic  approximation  in  the 
compressor  vane  optimization  is  considered  quite  reasonable.  The  fact  that  analysis  data 
obtained  in  one  optimization  are  used  to  improve  the  design  surface  for  subsequent  optimiza¬ 
tion  enables  the  test  engineer  to  choose  a  new  test  point;  i.e.,  the  result  obtained  in  one 
optimization  becomes  the  recommended  test  point  and  the  test  result  obtained  at  this  point  is 
added  to  the  new  approximate  optimization  problem. 


Numerical  experience  shows  that  a  full  quadratic  approximation  is  not  necessarily 
required  even  when  the  design  function  surface  is  quadratic.  An  approximation  that  includes 
up  to  the  diagonal  terms  of  the  Hessian  matrix  in  Equation  1  is  quite  accurate  for  a  quadratic 
surface.  This  approximation  requires  a  minimum  of  2n+l  test  points  (n  tests  for  linear  terms, 
n  tests  for  diagonal  terms  of  the  Hessian  matrix,  and  one  test  for  the  initial  design  point).  If 
more  than  2n+l  designs  are  available,  they  are  used  in  a  weighted  least-square  fit.  The 
COPES/CONMIN  program  provides  the  user  with  the  option  to  use  the  approximate  design 
surface  constructed  using  only  up  to  the  Hessian  diagonal  terms  in  the  approximate  optimiza¬ 
tion.  Because  this  technique  can  significantly  reduce  the  number  of  expensive  test  points 
without  losing  the  quality  of  the  solution,  it  is  used  in  the  compressor  vane  optimization. 
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INTERFACING  REQUIREMENTS 


The  COPES/CONMIN  computer  program  is  set  up  to  make  multiple  passes  through  a 
subroutine  called  ANALIZ.  In  the  conventional  design  process,  this  subroutine  will  contain  an 
evaluation  of  the  performance  index  being  optimized  and  the  constraint  parameter  for  a  given 
set  of  vane  angles.  The  vane  optimization  program  logic  will  specify  a  new  vane  setting  to  the 
operator  and  take  care  of  recording  new  data  from  operator  entries  in  the  proper  format. 
Command  will  be  transferred  back  to  the  program  and  execution  will  continue  with  the  newly 
supplied  information.  The  method  of  interfacing  described  above  required  the  absolute 
minimum  level  of  COPES/GCIMXN  code  change. 

Another  very  important  interfacing  objective  is  to  reformat  operator  input  data  to  be 
compatible  with  the  existing  COPES  input  handling  routine  COPE01.  Again,  the  driving  force 
behind  this  objective  is  the  desire  to  retain  as  much  of  the  original  COPES  code  as  possible. 

The  COPES  User’s  Manual  (Reference  1)  contains  a  detailed  description  of  the  complete 
input  file  requirements  for  the  full  variety  of  deck  options.  Figure  20  presents  a  listing  of  the 
card  images  of  input  data  relevant  to  the  COPES/CONMIN  approximate  optimization  logic 
within  the  compressor  vane  optimization  program. 


ISN 

0002 

c 

BLOCK  DATA 

C3001 

09092 

Tsn- 

0003 

COMMON 

/BOAT A/  NCALC .NSV.N2VAR , IPilPUT , IFDSG. 

09003 

1 

IPtntT ,  ITM.*y,NrCAl  LIMC3J.MACMX1  ,NF0G, 

099C4 

2 

FCCH.FDCKM.CT.CTMItl.CTL.CTLMIN, THETA, 

05903 

3 

_ D  E  IF l'N .  C  wri'tl ,  A  LPM  *.X ,  AC  CP  J I , 

_  n,;oo<, 

4 

NF »NXA» INCM, IPAFfX, 

05  907 

5 

NFM  'X  >  JNOM,  IN/.ICC ,  INF  LOC .MAXTRM 

cc  :~.i 

ISN 

0004 

OATA 

NCALC  *  H8V , N2 VAP , IFNFUT ,  I  f'DtJS « 

00C09 

1 

.IPFNT , ITMAX .NSCAL , ITFM , LINCD J , KSCMX1 ,NFDG, 

0F01O 

2 

FCCH,FOCtiM,CT,CTilIN,CTL,CTlNIN,  THETA, 

0.011 

3 

DELE  tJN ,  DACF  Ut  t,  ALPMAX,  AEC3J1 , 

09912 

4 

HF.irCA.INCM.IPAFSX, 

00513 

5 

NFMAX, JN0M, INXL0C , INF LOC , MAXTRM/ 

0501  i 

• 

6»0»G»1,0» 

C5515 

1 

5.C0, 0,3, 0,0*0, 

05C.16 

2 

. 01 » .0C1 ,-,05, ,0Q4»-.01* .001*1.0, 

C5C17 

3 

_.001»0. 0t.lt.lt 

_ 05C13 

4 

0 , 0 » 0 » 1 , 

00019 

5 

0  *  0  *0 » 0 , 2/ 

00920 

ISN 

0005 

COMMON 

/irUT/IPEAO ,  XUaXTE .  1  PR  INI , ISCRX* ISCRXF .  ISC 

05021 

ISN 

0006 

_ OATA  IREA0 ,  I'-7ITE , IFRINT »ICCPX, ISCRXF  •  I5C/15  >16 ,6 , 5 > 5,11/ 

_  CC522 

IS'lf 

0007 

COMMON 

/N*.ME/IIAME(  7 1 

0*023 

ISN 

0003 

OATA  NAME/'4NRPNC , 4HWC  ,4HPR  ,4HDVS  ,4H0L  ,4HSM  ,«HEFF  / 

00024 

c 

C5025 

ISN 

JJ009 _ 

_ END _ 

0CC26 

Figure  20.  (  OPES/CON  MIN  Input  Data  Relevant  to  the  Compressor  Vane  Optimization  Program 
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SECTION  V 


PROGRAM  DEMONSTRATION 


COMPRE88OR  SIMULATION 

In  order  to  demonstrate  the  vane  optimization  software,  a  stage-by-stage  compressor 
model  has  been  implemented  into  a  computer  program.  The  characteristics  of  normalized 
pressure  rise  and  temperature  rise  as  functions  of  normalized  airflow  and  vane  angle  are 
representative  of  an  eleven  stage,  four  variable  vane  compressor.  The  stall  line  used  to  provide 
the  compressor  performance  appears  in  Figure  21.  The  illustrations  shown  in  Figures  22 
through  25  depict  the  efficiency  and  stall  margin  variations  with  vane  angle  computed  at  two 
degree  increments,  while  holding  speed  and  discharge  area  constant. 

It  should  be  noted  that  efficiency  and  stall  margin  calculations  have  an  accuracy  of 
±0.05%,  which  may  be  attributed  to  the  following  factors: 

1.  Stage  characteristic  modeling 

2.  Interpolations  between  stage  characteristics 

5.  Flow  balance  iterations. 

Thus,  the  performance  calculations  from  this  model  can  be  considered  to  have  an  inherent 
±0.05%  measurement  error. 


Input  to  the  stage-by-stage  compressor  model  is  read  using  a  FORTRAN-NAMELIST 
statement.  Each  input  case  must  begin  with  $PWA  punched  starting  in  Column  2  to  prepare 
the  program  to  read  the  input.  The  input  then  follows,  punched  in  FORTRAN -NAMELIST 
format,  with  each  item  separated  with  a  comma  and  with  the  input  list  concluded  by  $END. 
No  input  may  be  entered  in  Column  1.  The  SEND  card  initiates  execution.  The  input 
parameters  are  as  follows: 


Parameter 

Default  Value 

Description 

NIN 

5 

Input  file  number 

NOUT 

6 

Output  file  number 

NOUTN 

0 

Optional  output  file  number 

CASE* 

0 

Case  number 

VANEl 

0 

Vane  angle  1 

VANE2 

0 

Vane  angle  2 

VANES 

0 

Vane  angle  3 

VANE4 

0 

Vane  angle  4 

STOP 

0 

Stop  signal 

WCINLT 

Converged 

81.5  Inlet  corrected  airflow 

GUES 

values  from  or 

M-line  guess 

previous 

case 

0.94 

The  converged  values  for  the  independent  variables  WCINLT  and  GUES  from  a 
successfully  closed  point  can  be  used  as  guesses  for  the  next  point.  If  no  guess  is  supplied  by 
the  user  for  the  first  run,  the  values  81.5  and  0.94  will  be  used  as  guesses  for  WCINLT  and 
CUES,  respectively.  On  succeeding  points,  if  no  guesses  are  given,  the  converged  values  from 
the  last  point  are  used.  The  M-line  guess  should  be  approximately  1.0. 


'CASE  is  automatically  incremented  with  each  set  of  input  read,  unless  reloaded. 
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Corrected  Flow 


FD  181294 


Figure  21.  Compressor  Model  Performance  Map 


Percent 


Efficiency  - 


Vane  Angle  3  -  deg 

FD  181297 


Figure  24.  Efficiency  and  Stall  Margin  Variation  With  Variable  Vane  3 


36 


All  input  is  initially  read  and  written  to  input  files  5  and  6.  However,  the  file  number  can 
be  changed  by  the  user  by  changing  the  input  variables  NIN  and  NOUT.  It  is  also  possible  to 
direct  the  output  to  two  different  output  files  by  specifying  another  file  number  NOUTN.  If 
this  variable  is  omitted,  output  will  be  directed  to  only  one  file,  specified  by  NOUT.  A  STOP 
*  -1.0  should  be  included  in  the  last  input  case  to  terminate  the  program.  If  it  is  left  out  or 
set  to  a  value  other  than  -1.0,  the  program  will  look  for  another  input  case  to  follow.  The 
output  parameters  are: 


Parameter 

VANEl 

VANE2 

VANE3 

VANE4 

SM 

EFF 

PR 

WC 


Description 
Input  vane  angle  1 
Input  vane  angle  2 
Input  vane  angle  3 
Input  vane  angle  4 
Surge  margin 
Adiabatic  efficiency 
Pressure  ratio 
Corrected  airflow 


The  following  paragraphs  detail  the  results  for  various  optimization  goals  using  the 
optimization  program  on  the  stage-by-stage  compressor  simulation.  A  summary  of  the  prob¬ 
lems  solved  and  the  resulting  solutions  is  presented  in  Table  1.  Appendices  A  through  I 
contain  output  information  for  the  sample  problems. 

UNCONSTRAINED  OPTIMIZATION 

Example  1: 

The  objective  of  this  problem  involves  the  optimization  of  four  variable  vanes  for 
maximum  efficiency,  while  holding  speed  and  discharge  area  constant  (Optimization  Goal  1). 
The  optimization  problem  can  be  formulated  as 

max  i i(a„a2,a.„a„  N,  AREA)  (3) 

a„a2,a;,,a„N,  AREA 


subject  to 


a.  .  <  a,  <  a, 


a,  .  <  a,  <  a, 

•’nun  n 


a,  2£  a,  <  a, 

■^min  *  ^ 


^  ^  ««„ 


b.  AREA  =  AREA,  =  76.779 

c.  N  =  N„  =  5567.5  rpm  (%Nc  =  85) 

The  upper  and  lower  bounds  imposed  on  vane  travel  appear  in  Table  2. 

With  initial  vane  settings  of  (a),=29  deg,  (a)2=18  deg,  (a)s=15  deg,  and  (<*),= 11  deg, 
and  initial  efficiency  of  87.14%,  convergence  to  the  optimum  efficiency  of  87.53%  occurs  in  15 
tests  (10  iterations).  Optimum  vane  angle  settings  become  (a),=  25.59  deg, 
(a), =17.99  deg,  (a),=12.17  deg,  and  (a),=7.47  deg.  Note  that  the  incremental  vane  angle 
variation  used  for  the  initial  sequence  of  5  tests  is  -2  deg.  Appendix  A  details  the  optimization 
results  for  Example  1. 
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TABLE  1.  SUMMARY  OF  OPTIMIZATION  EXAMPLES  SOLVED 


Example 

Number 

Optimization 

Goal 

a, 

a. 

a4 

Preuure 

Ratio 

Corrected 

Flow 

(Wc) 

Efficiency 

(%) 

Stall 

Margin 

(%) 

Text  Point 
Number  at 
Optimum 

1 

Maximize  , 

25.59 

17.99 

12.17 

7.47 

_ 

_ 

87.53 

9.32 

15 

2 

Maximize  , 

24.55 

17.78 

11.68 

7.76 

— 

— 

87.52 

9.45 

15 

3 

Maximize  SM 

18.94 

10.71 

5.00 

5.00 

— 

— 

86.73 

10.30 

22 

4 

Maximize  * 
with  SM>10.0 

23.73 

15.58 

7.29 

5.37 

— 

— 

87.39 

10.00 

10 

5 

Maximize  * 
with  SM>10.0 

22.64 

14.72 

9.24 

5.00 

— 

— 

87.38 

9.98 

15 

6 

Maximize  SM 
with  ,>87.3 

22.34 

14.54 

8.87 

5.00 

— 

— 

87.32 

10.09 

21 

7 

Maximize  Wc 
with  ,>87.0 
and  SM>8.5 

20.08 

10.31 

5.85 

5.00 

84.39 

86.81 

10.19 

14 

8 

Minimize  Wc 
with  ,>87.0 
and  SM>8.5 

27.93 

19.92 

15.72 

9.54 

77.65 

87.20 

8.47 

15 

9 

Maximize  PR 
with  ,>87.0 
and  SM>8.5 

21.06 

10.17 

5.01 

5.01 

6.105 

86.82 

10.15 

15 

TABLE  2.  VANE  TRAVEL  LIMITS 


a, 

«2 

«4 

Lower  Bound 

10 

5 

5 

5 

Upper  Bound 

35 

25 

25 

25 

Example  2: 

This  problem  duplicates  Example  1,  except  that  the  initial  sequence  is  modified.  Design 
of  the  example  evaluates  the  effect  of  randomly  selecting  the  initial  test  points. 

With  initial  vane  angles  set  at  (<v),  =  18  deg,  (nr)2=  10  deg,  («):,=5  deg,  and  («)4=5  deg,  and 
efficiency  (,)  =  86.60%,  convergence  occurs  in  19  tests,  although  optimization  was  reached  at 
the  fifteenth  test  point.  Optimum  vane  angles  become  («),=24.55  deg,  («).2=  17.78  deg, 
(<«>, =  11.68  deg,  and  (o),=7.76  deg  at  an  efficiency  of  87.52%.  A  2  deg  incremental  vane  angle 
variation  was  used  for  the  initial  sequence  of  tests  in  this  example.  Appendix  B  lists  the 
optimization  results  for  Example  2. 

The  fact  that  the  optimum  efficiency  duplicates  that  found  in  the  first  example  indicates 
that  the  analysis  is  relatively  insensitive  to  starting  point.  The  optimum  vane  angle  settings, 
however,  are  slightly  different  for  the  two  examples,  although  they  are  within  1  deg  of  each 
other.  The  compressor  model  exhibits  a  very  flat  region  near  the  optimum  with  little  gain  in 
efficiency.  This  fact  also  attributed  to  the  additional  tests  required  in  the  second  example  to 
meet  the  convergence  criteria  after  the  optimum  was  reached. 
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Example  3: 


The  objective  of  Example  3  is  to  maximize  stall  margin  while  holding  speed  and  discharge 
area  constant  (Optimization  Goal  7).  The  problem  can  be  expressed  as 

max  SM 

«l.  «».  «»  «4  (4) 

With  the  same  initial  vane  settings  and  initial  test  sequence  as  in  Example  1,  the 
optimum  settings  were  obtained  after  22  test  points.  The  vane  settings  are  («),=18.94  deg, 
(«),= 10.71  deg,  (<»>,=5.00  deg,  and  («)4=5.00  deg  with  an  optimum  stall  margin  at  10.30%.  The 
efficiency  at  these  vane  settings  is  86.73%.  Results  for  this  problem  appear  in  Appendix  C. 

CONSTRAINED  OPTIMIZATION 

Example  4: 

The  function  maximized  in  Examples  1  and  2  is  now  solved  with  stall  margin  constrained 
above  a  given  level  (Optimization  Goal  4).  The  stall  margin  at  the  optimum  efficiency 
conditions  in  the  previous  examples  are  9.32  and  9.45%,  respectively.  Mathematically,  this 
problem  can  be  stated  as 

max  i)  subject  to  SM  >  10.0% 

«„  «2,  a„  a,  (5) 

With  the  same  initial  vane  settings  and  initial  test  conditions  as  Example  1,  a  converged 
solution  results  in  14  tests  at  (a), =23. 73  deg,  (a)2=15.58  deg,  (a)3=7.29  deg,  and  («)4=5.37  deg 
with  an  efficiency  at  87.39%  and  stall  margin  of  10.00% .  Note  that  the  optimization  algorithm 
brought  the  efficiency  down  from  the  87.5%  values  in  Examples  1  and  2  to  meet  the  stall 
margin  constraint.  Appendix  D  presents  the  results  for  this  example. 

Example  5: 

The  same  problem  as  Example  4  is  considered,  except  that  the  influence  of  measurement 
error  on  convergence  ability  is  examined.  In  addition  to  the  ±0.05%  noise  in  the 
stage-by-stage  model,  the  random  errors  shown  in  Table  3  are  added  to  the  performance 
values.  The  errors  are  normally  distributed  with  a  standard  deviation  of  0.05. 

Appendix  E  details  the  results  for  this  example.  The  optimum  was  reached  in  15  tests 
at  (a), =22.64  deg,  (a)2=14.72  deg,  (a), =9.24  deg,  and  (a)4=5.00  deg  with  efficiency  at  87.38% 
and  stall  margin  at  9.98%.  The  efficiency  and  stall  margin  are  essentially  the  same  as  the 
values  obtained  in  Example  4  and  the  vane  angles  are  within  2.0  deg. 

Example  6: 

This  problem  represents  the  constrained  version  of  Example  3.  Here,  it  is  desired  to 
maximize  stall  margin  while  maintaining  efficiency  above  a  given  level  (Optimization  Goal  10). 
Mathematically,  this  can  be  represented  as 

max  SM  subject  to  ij>  87.3% 

a„  a„  «,,  a4  (6) 

Appendix  F  details  the  results  of  this  optimizaton  with  start  settings  for  vane  angle  as 
in  Example  3.  The  optimum  solution  was  reached  after  21  tests  at  vane  settings  of  (a), =22.34 
deg,  (a)2= 14.54  deg,  («),= 8.87  deg,  and  (a),=5.00  deg  with  an  optimum  stall  margin  of  10.09% 
and  an  efficiency  of  87.32% .  Here,  the  optimization  algorithm  brought  the  stall  margin  down 
from  10.30%  obtained  in  Example  3  to  meet  the  efficiency  constraint. 
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TABLE  3.  MEASUREMENT  ER¬ 
RORS  FOR  EXAMPLE  5 


Tett  Point 
Number 

Efficiency 
Error  (%) 

Stall  Margin 
Error  (%) 

1 

0.04 

-0.04 

2 

-0.02 

0.04 

3 

-0.03 

0.09 

4 

0.03 

-0.02 

5 

0.09 

0.06 

6 

-0.02 

-0.08 

7 

0.00 

0.04 

8 

-0.06 

0.00 

9 

0.01 

0.01 

10 

0.02 

0.00 

11 

0.06 

0.08 

12 

0.02 

0.00 

13 

-0.03 

0.07 

14 

-0.04 

-0.02 

15 

0.02 

0.07 

16 

0.11 

-0.01 

17 

0.01 

-0.03 

18 

0.07 

-0.02 

19 

-0.04 

-0.06 

20 

0.05 

-0.05 

21 

0.08 

0.03 

22 

-0.03 

0.04 

Example  7: 

The  next  two  examples  establish  the  maximum  and  minimum  flow  points  to  provide  the 
maximum  flow  range.  In  addition  to  airflow  requirements,  performance  constraints  of  min¬ 
imum  acceptable  efficiency  and  stall  margin  also  define  the  flow  range.  Thus,  their  evaluations 
must  be  considered  for  each  geometry  setting.  For  this  example.  Optimization  Goal  14  is 
defined  as 


max  Wc  with  r\>  87.0%  tifid  SM  >  8.5% 

<*„  (¥j,  <<1.  (7) 

subject  to  the  conditions  of  holding  speed  constant  at  5567.5  rpm  and  discharge  valve  area  at 
76.779. 

Appendix  G  details  the  results.  For  the  initial  test  sequence  used  in  Examples  1  and  3 
through  6,  the  optimization  algorithm  converged  to  the  maximum  flow  in  14  tests  at  a 
corrected  flow  of  84.39  lbm/sec  with  an  efficiency  of  86.81%  and  stall  margin  of  10.19%. 
Optimum  vane  settings  are  («),=20.08  deg,  («)2=  10.31  deg,  (ot),= 5.85  deg,  and  (o)4=5.00  deg. 


Example  8: 


This  example  deals  with  minimizing  corrected  airflow  (Optimization  Goal  15), 
mathematically  formulated  as 

min  Wc  with  ij>  87.0%  and  SM  2:  8.5% 

«l,  «J.  Of,,  or,  (8) 

subject  to  holding  speed  and  discharge  area  constant. 

Results  for  this  example  appear  in  Appendix  H.  With  the  same  initial  test  sequence  as  in 
Example  7,  the  minimum  corrected  airflow  of  77.65  lbm/sec  was  reached  in  15  tests  at 
(«),=27.93  deg,  («)2=19.92  deg,  («),=  15.72  deg,  and  («),=9.54  deg  with  an  efficiency  of  87.20% 
and  stall  margin  of  8.47%. 

Example  9: 

As  a  final  example,  the  pressure  ratio  is  maximized  at  constant  speed  and  discharge  area 
while  maintaining  minimal  acceptable  values  of  efficiency  and  stall  margin  (Optimization  Goal 
17).  The  problem  solution  can  be  stated  as 

max  PR  with  87.0%  and  SM  >  8.5% 

Of 2,  O'!'  Of,  (9) 

Results  of  performing  the  optimization  appear  in  Appendix  I.  This  example  converged  in 
15  tests  at  a  maximum  pressure  ratio  of  6.105  with  an  efficiency  of  86.82%  and  stall  margin  of 
10.15%.  The  optimum  vane  settings  are  («),=21.06  deg,  (of),=  10.17  deg,  (a), =5.01  deg,  and 
( o), =5.01  deg. 
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SECTION  VI 


IDENTIFICATION 


Pratt  &  Whitney  Aircraft  Group,  Government  Products  Division  uses  a  “Customer 
Computer  Deck”  identification  system  that  appears  on  the  outline  sheet  as 

CCD  XXXX-XX.X 
DATE  XX/XX/XX 

The  first  four  digits  correspond  to  the  compressor  vane  and  bleed  optimization  program. 
If  another  optimization  method  is  developed  or  studied  which  does  not  replace  or  supercede 
the  original  method,  a  new  four-digit  number  will  be  used. 

Changes  in  the  demonstrator  compressor  model  performance  will  be  related  in  different 
dash  numbers.  The  dash  number  of  the  original  deck  will  be  zero. 

The  decimal  number  will  be  used  to  reflect  all  deck  changes  which  do  not  affect  the  basic 
optimization  method  or  compressor  model.  This  includes  correcting  any  program  errors. 

Any  deck  change  causing  a  change  to  the  dash  number  or  decimal  part  of  the  CCD 
number  will  change  the  previous  date  of  the  deck. 


1 


! 

*- 
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STATOR  VANE  OPTIMIZER 
«««*«***««»**««•«**** 

_PROTOTYPE_SOFTWARE_CAPABLE  OF. GUIDING  .THE  OPTIMIZATION  . OF_ 
STATOR  VANE  ANO  BLEED  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 


PREPARED  FOR  THE  AIR  FORCE  AERO  PROPULSION  LABORATORY 
UNDER  CONTRACT  F33615-79-C-2013 


by:  PRATT  &  WHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  PRODUCTS  DIVISION 


;  ••  .  vv  < 

.  me1 

:a„;ir 

-  ••  •  ...  I  • . 


PLEASE  HIT  RETURN  TO 

VIEW  OPTIMIZATION  GOAL  MENU 

I  OPTIMIZATION 

CONDITIONS 

I  CONSTRAINTS 

I 

NO  I  GOAL  I  RFMC  WC  PR 

DVS  O.L. 

I  S.M. 

I  EFF 

I 

II  EFf  I  X  - 

X 

I  - 

I  - 

I 

Z  I  EFF  I  X  - 

X 

I  - 

I  - 

I 

3  I  EFF  I  -  XX 

- 

I  - 

I  - 

I 

4  I  EFF  I  X  - 

X 

I  MIN 

I  - 

I 

5  I  EFF  I  X  - 

X 

I  MIN 

I  - 

I 

6  I  EFF  I  -  XX 

- 

I  MIN 

I  - 

I 

7  I  S.M.  IX  -  - 

X 

I  - 

I  - 

I 

8  I  S.M.  IX  -  - 

X 

I  - 

I  - 

I 

9  I  S.M.  I  -  XX 

- 

I  - 

I  - 

I 

10  I  S.M.  IX  - 

X 

I  - 

I  MIN 

I 

11  I  S.M.  IX  -  - 

X 

I  - 

I  MIN 

i  ; 

12  I  S.M.  I  -  XX 

- 

I  - 

I  MIN 

i 

13  I  SM/BLO  IX  X 

- 

I  - 

I  - 

i 

14  I  MAX  WC  I  X  - 

X 

I  MIN 

I  MIN 

i 

15  I  MIN  WC  I  X  - 

X 

I  MIN 

I  MIN 

i 

16  I  FS  I  X  X  - 

- 

I  MIN 

I  MIN 

i 

17  I  PS  I  X  -  - 

X 

I  MIN 

I  MIN 

i 

YOU  HAVE  SELECTED  TO  OPTIMIZE  EFFICIENCY  HOLDING 

CORRECTED  SFEED  (RPMC)  ANO 

DISCHARGE  VALVE  SETTING  (DVS)  CONSTANT 

WITH  NO  CONSTRAINTS  ON  SURGE  MARGIN 
HOLD  RPMC  CONSTANT  AT  5567.500 

HOLD  DVS  CONSTANT  AT 

76 . 779 

_  OPTIMIZING  4  VANE  ANGLES 

LONER  BOUND  FCR  VANE  I  IS 
DO  YOU  AGREE?  ( Y/N) 

10.000 

LCl'ER  ecu:. ’3  FOR  VANE  2  IS 
CO  YCU  AGREE?  (Y/N) 

5.000 

LONER  EOU.'ID  FOR  VANE  3  IS 
00  YOU  AGREE?  (Y/N) 

5.00  6 

LONER  BOUND  FCR  VANE  4  IS 

5.000 

_  03  YOU  AGREE?  (Y/N) 

-  UFFEH  BOUND  FOR  VAN'S  1  IS 

35.000 

00  YOU  AGREE?  (Y/N) 

UPPER  BOUND  FOR  VANE  2  IS 
00  YOU  AGREE?  (Y/Nl 

25.000 

; 

UPPER  BOUND  FCR  VANE  3  is  25.000 

DO  YOU  AGREE?  (Y/N) 

UPPER  BC'JN’G  FOR  VANE  4  IS  25.000 

00  YOU  AGREE?  (Y/N) 

INCREMENTAL  VANE  ANGLE  VALUE  FOP  INITIAL  VANE  SETTING  IS 

-2.00  . 
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CONTROL  parameters; 

CALCULATION  CONTROL,  NCALC  =  6 

NUMBER  OF  GLOBAL  OESIGN  VARIABLES, _  NOV  = _ 4 

'NUMBER' OF  sensitivity  variables,  nsv'=  b 

NUMBER  OF  FUNCTIONS  IN  TUO-SPACE,  N2VAR  =  0 

NUMBER  OF  APPROXIMATING  VAR.  NXAPRX  =  4 

INPUT  INFORMATION  FRINT_CODE, _ IPMFUT  = _ 1 

DEBUS  PRINT  CODE,  IP0B3  =  0~ 


CALCULATION  CONTROL, _NCALC _ 

VALUE  "  MEANING 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

3  SENSITIVITY 

4  t::o-variable  function  space 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


*  »  OPTIMIZATION  INFORMATION 


GLOBAL  VARIABLE  NUM3ER  OF  OBJECTIVE  =  7 

MULTIPLIER  (NEGATIVE  INDICATES  MINIMIZATION)  =  O.IOOOE+Ol 

CCHMIM  PARAMETERS  (IF  ZERO,  "CCNMIN  DEFAULT  WILLOVER-RIDE  ) 

I PRINT  ITMAX  ICNOIR  NSCAL  ITRM  LIN03J  NACMXI  NFDG 

_ 5 _ 20 _ 5 _ 0 _ 3 _ 0 _ 10 _ 0 _ 

FCCH  FCCHM  CT  CTMIN 

0.10C0CE-01  0.10000E-02  -0.50000E-01  0.40000E-02 

~ CTL  CTLMIN  THETA  FHI  “ 

-0.10000E-01  0.10000E-02  0.10000E*01  0.0 

DELFUN  OABFUN  ALFHAX  ABCBJ1 

0 . 100COE-02  0.0  0 . lOCCOE+OO  O.lOOCOEiOO 

DESIGN  VARIABLE  INFORMATION 


!c:i-z 

1.  V. 

:o. 

ERO  INITIAL  VALUE 
LONER 

BOUND 

HILL  OVER-RIDE 
UPFER 

BOUND 

MODULE  INPUT 
'  INITIAL 

VALUE 

SCALE 

l 

0 ■ 1CC0CE+C2 

0.3500CE+02 

0.27000E+02 

0.0 

2 

0.50000E+01 

0.25000E+02 

0.16000E«02 

0.0 

~ 3 

0.E0C03E+01 

0.25000E+02 

0 . 13000E  +  02 

0.0 

4 

0.EC0CDE+01 

0 . 25000E+02 

0. 90000E+01 

0.0 

-  OESIGN  VARIABLES  “  ~~ 

0.  V.  GLOBAL  MULTIPLYING 
10  NO.  VAR.  NO.  FACTOR 
11  1  O.lOOCOEtOl 
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y 


a 


2  2  2 

3  3  3 

4  4  4 


0 . 10000E+01 
0.10000E+01 
O.XOOOOE+Ol 


CONSTRAINT  INFORMATION 
JHEREARE  __0  _CONSTRAINT_SETS 


*_J*_APPROXIMATE_ANALYSIS/OPTIMIZATION_  INFORMATION 


NU.'3ER  OF  FUNCTIONS  APPROXIMATED,  NF 

5 

0 

NUtSSER  OF  INPUT  X-VECTORS, 

NPS 

2 

5 

NUMBER  OF  INPUT  X-F  PAIRS, 

NPFS 

2 

0 

X-VECTOR  FROM  AHALIZ, 

NPA 

2~ 

0 

NOMINAL  DESIGN, 

IfiCM 

2 

0 

READ  UNIT  FOR  X-VECTCRS, 

ISCRX 

2 

5 

READ  UNIT  FOR  X-F  PAIRS, 

ISCRXF 

2 

5 

PRINT  CONTROL, 

IPAPr.X 

2 

1 

MINIMUM  APPROXIMATING  CYCLES, 

KMIN 

s 

5 

MAXIMUM  APPROXIMATING  CYCLES, 

KMAX 

2 

17 

MAXIMUM  DESIGNS  USED  IN  FIT, 

NFMAX 

2~ 

28 

NOMINAL  OESIGN  PARAMETER, 

JNOM 

2 

28 

X- LOCATION  INPUT  PARAMETER, 

INXLOC 

2 

0 

F-LCCATICN  INPUT  PARAMETER, 

IUFLOC 

2 

0 

TAYLER  SERIES  I.D.  CCOE, 

MAXTPM 

2 

2 

DELTA-X  BOUNDS  FOR  APPROXIMATE  OPTIMIZATION  _ 

0 . 20CCE+01  0 . 2000E  +  01  0.200CE+01  0.2000E+tli 

MULTIPLIER  CM  OELX,  XFACT1  =  0.1500E*01 

MULTIPLIER  ON  OELX, _ XFACT2_= 0.2000E+01 


GLOBAL  LOCATIONS  OF  X-VARIABLES 
12  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS 


7 


X-VECTCPS  INPUT  FROM  UNIT  5 

NUMBER  1 

0.29CCE*02 

CESIGN 

0.1800E+02 

I 

0.1S00E*02 

0. 1I0OE+02 

NUMBER  2 

0.2700E+02 

OESIGN 

0.16COE*02 

2 

O.I500E+02 

0 . 1100E+02 

m 

NUMBER  3 

0.2700E+02 

OESIGN 

0.1600E+02 

3 

O.I500E402 

0 . 1100E+02 
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NUMBER  4  DESIGN  4 

0.2700E+02  0.160CE+02  0.1300E+02  0.1100E+02 


NUMBER  5  DESIGN  5 

0.2700E+02  0.1600E+02  0.1300E+02  0.9000E+01 


_»  *_ESTIMATEO  OATA_STORAGE__REQUIR£MENTS. 


REAL  INTEGER 

INPUT  EXECUTION  AVAILABLE  INFUT  EXECUTION  AVAILABLE 
_ 33 _  315  _  5000  22 _ 64 _  1000 _ 

XfcXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


SET_VANE_1  TO _ 29 .00  DEGREES 


SET  VANE  2  TO  18.00  DEGREES 


SET  VANE  3  TO  15.00  DEGREES 


SET  VANE  4  TO  11.00  DEGREES" 


_ HOLD  PPMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  87.1400 

«XX*»v«xxXXXXXXXXXXXXXXXXXXX  ***** 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


SET  VANE  1  TO  27.00  DEGREES 

"SET  V.ANE- 2  TO  18.00  DEGREES 

SET  VANE _3_T0  _ 15.00  DEGREES 

SET  VANE  4  TO  11.00  DEGREES 


HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 
HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 
EFFICIENCY:  87.3200  _ 


X) >XXXXXXX*XXXXXXXXXXXXKXXXXXXXXW 


SET  VANE  3  TO  15.00  DEGREES 


SET  VANE  4  TO  11.00  DEGREES 

_ HOLD  RPMC  CONSTANT  AT  A  VALUE  OE _ 5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY2  67.2400 

*##<*#*****##**»******«*#*##*###** _ 

«*«*«K««**«***K*#*«XX************ 

SET  VANE  1  TO  27.00  DEGREES 

SET~ VANE- 2  ~T(f  16.00  DEGREES 

_ SET_VA‘ :E_3  TO _ 13. 00  DEGREES _ 

SET  VANE  4  TO  11.00  DEGREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ EFFICIENCY2 _ 67.2C00 _ 

«*xv******»;<x**#»***«*»xx»**x**»* 

*»*x****iV*'##*'x«»I*****k:irx£)t****** 

_ SET  VANE  1  TO  27.0 0  DEGR EES _ 

SET  VANE  2  TO  16. CO  DEGREES 

SET  VANE  3  TO  13.00  DEGREES 
Z  SETVANE’4- TO  9.00  DEGREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY2  87.3300 
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APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 


APPROXIMATING  FUNCTION  1 


THE  OBJECTIVE 


OESIGN  VARIABLE  NUM3ERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES 
12  3  4 


BEGIN  ITERATION  NUM3ER  1 
N0MiNAr0ESiGN~FuT!5lrf~  5 

x-vectc:- 

_ 0.270 COE +02 _ 0.16000 E  +  0  2 _ 0.1 300  0  E +02  0.900 OOE+Ol 

FUNCTION  VALUES 
0.87330E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

-0  720000E+01  0 . 20000E+01  -0  .'20000E+01  -0.20000E+01 

X-VECT03 

^  _ 0.25000E+02 _ P_.18000E+02 _ 0.11000E+02 _ 0.70000E+01 

APPROXIMATE  FUNCTION  VALUES 
0 . 37630E+02 

>  *«**<***«  **»#»«**##**##*#*»#»#*#«» 


SET  VANE  1  TO  25.00  DEGREES 


SET  VANE  2  TO  13.00  0E3REES 


SET  VANE  3  TO  11.C0  DEGREES 


SET  VANE  4  TO  7.00  DEGREES 


HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 
HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 
Efficiency:  “  37.5200 

»***#»*»#**»***»**»»#*##»**#*»»## 


PRECISE  FUNCTION  VALUES 
0.37520E+02 


BEGIN  ITERATION  NUMBER  2 


60 


NOMINAL  DESIGN  NUMBER  «  6 

X-VECTOR _ _ _ 

0 . 25000E+02  0.18000E+02  O.ilOOOE+02  0.70000E+01 

FUNCTION  VALUES 

_ 0.87520E+02 _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
o  e  lta-x  Vector 

0.75337E+00  0.20000E+01  -0.20000E+01  -0.20000E*01 

_ X-VECTOR  _  _  _ 

0.25753E+02-  o.2obdoE*b2  o.9ooooe*oi  o.sddobEioi 

APPROXIMATE  FUNCTION  VALUES 

0 .87701E+02  _  _ _ 

****-*j»**--«*i*##*****#*ii*  *#*#**# 


SET  VANE  X  TO  25.75  DEGREES 


SET  VANE  2  TO  20.00  DEGREES 


SET  VANE  3  TO  9.00  DEGREES 

'SET~VANE~<T  TO  5  700— DEGREES 


HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 
HCLO'DVS  CONSTANT  AT  A  VALUE' OF  '  76.779 
EFFICIENCY*  87.2600 


FRECISE  FUNCTION  VALUES 
0 .87280E+C2 ” 


'  BEGIN  "ITERATION  TJUNDER  3 

NOMINAL  DESIGN  NUMBER  =  7 

- ^VECTOR 

0.25753E+02  0.20000E+02  0.90000E+01  0.50000E+01 

FUNCTION  VALUES 
0.67260E*02 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 
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DELTA-X  VECTOR 

-0.52557E-08  -0.10725E-04  -0.77730E-06  -0.97167E-06 


X -VECTOR-  ' 

0*257536+02  0.20000E+02  0. 900006+01  0.50000E+01 

_ APPROXIMATE  FUNCTION  VALUES _ 

0 .872506+02 

*#*»*******#»##**#»#»#***#*»*»*#* 


set  VANE- 1  TO  25.75  OEGREES 


SET  VANE  2  TO  20.00  DEGREES 


SET  VANE  3  TO  9.00  DEGREES 


SET  VANE  4  TO  5.00  DEGREES 


HOLD  R PMC  CONSTANT  AT  A  VALUEOF  5567.500 
HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 
EFFICIENCY3  87.2500 

««***»*  #^***»****#****#t;***iM*i--ii 


PRECISE  FUNCTION  “VALUES 
0 . 872C0E+02 


BEGIN  ITERATION  NUNCER  4 

NOMINAL  OESICN  NUMBER  - _ 8 _ _ 

X-VECTCR 

0.25753E+02  0.20000E+02  0.90000E+01  0.50000E+01 

TUicner  VALUES 
0.87200E+02 


'  RESULTS  OF  "AFFFOXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

-0 . 14439E+01  -0.23921E+01  0.30000E+01  0.0 


X-VECTOR 

0 . 24309E+02  0.176086+02  0.12000E+02  0.50000E+01 

— APPROXINATE'FUNCTICN  "VALUES 
0 . 87600E+02 

**«»¥«*««**««*j<»lHHt**«*****««**** 
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SET  VANE  1  TO  24.31  DEGREES 


SET_VANE~2~td  17.'6i'0EGREES 

SET  VANE  3  TO _ 12.00  DEGREES 

SET  VANE  4  TO  5.00  DEGREES 


HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ EFFICIENCY: _ 67.4500 _ 

********************************* 


PRECISE  FUNCTION  VALUES 
0.87450E+02 


BEGIN  ITERATION  NUMBER  5 
TiOMINAL"  DESIGN  NUMBER  =  9 

X-VECTOR 

_ 0.24309E+02  0.17608S+02  0.12000E+02  0.50000E*01 

FUNCTION  VALUES 
0.87450E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

DELTA-X  VECTOR  _ 

—  0.1576GE+01  -0.25826E+00  -0".  30000E+01  0.61882E+00 

X-VECTOR 

0 . 25336E+02  0.17350E+02  0.90000E+01  0.56188E+0! 


APPROXIMATE  FUNCTION  VALUES 
0.876S3E+02 

********************************* 


SET  VANE  1  TO  25.89  DEGREES 


SET  VANE  2  TO  17.35  DEGREES 


- SETVANT3  T0  9V00' DEGREES 


SET  VANE  4  TO  5.62  DEGREES 


HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLO  OVS  CONSTANT  AT  A  VALUE  OF _ 76.779 

EFFICIENCY:  87.3900  ' 

********************************* 
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PRECISE  FUNCTION  VALUES 
_ 0.37390E+02 _ 


BEGINITERATIONNUMBER _ 6 _ 

NOMINAL  DESIGN  NUMBER  =  10 

X-VECTOR 

~  0.25836E+02  0.i7350E+02  0.90000E+01  0.56188E+01 

FUNCTION  VALUES 
0.87390E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X' VECTOR 

-0.10000E+01  0.59866E+00  0.10000E+01  0.10000E+01 

X-VECTOR 

0 . 2-i386E+C2  0.17943E+02  0.10000E+02  0.66188E*01 

APPROXIMATE  FUNCTION  VALUES 

_  0.87507Et02  _ 

« *«£*«#** 


SET  VANE  1  TO  24.89  OEGSEES 


SET  VANE  2  TO  17.95  DEGREES 


SET  VANE  3  TO  10.00  DEGREES 


‘  - SET  VANS~4  TO - 6.62  DEGREES 


HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

- HOLD" CVS  "CONSTANT  AT  A  VALUE  OF  76.'779' 

EFFICIENCY*  87.5000 

**##*«»**»«#»*)HHHf*»*#*#*»IHH<**i** 


PRECISE  FUNCTION  VALUES 
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0.87500E+02 


BEGIN "ITER AT ION  NUMBER  7 

NOMINAL  DESIGN  NUMBER  =  11 

X-VECTOR" 

0 . 24836E+02  0.17948E+02  0.10000E+02  0.66188E+01 

JFUNCTION  VALUES _ 

0.67500E+02  ' 


_ R£SULTS_OF_APPROXIMATE_OPTIMIZATION _ 

DELTA-X  VECTOR 

-0.19008E+01  0.1S232E-01  0.15271E+01  0.16999E+01 

X-VECTOR 

0.22936E+02  0.17966E+02  0.11527E*02  0.85188E+01 

_ APPROXIMATE  FUNCTIOM_VALUES _ 

'  0.37574E+02 

*>;***#*************###*#**« 


SEf  VANE" i  TO  22.99  DEGREES 


SET  VANE  2  TO _ 17.97_0EGREES 


SET  VANE  S  TO  11.53  DECREES 


SET  VANE  4  TO  8.52  DEGREES 


Vic  to  SFMC"  CONSTANT  AT  a  VALUE"  OF  5567. 5C0 
HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 
EFFICIENCY:  87.3600 

Tif*#«i«****«i*V***«**i-«  ******#*«* 


PRECISE  FUNCTION "VALUES 
0. 873608*02 


BEGIN  ITERATION  NUMBER  8 

NOMINAL  DESIGN  NUMBER  a _ 12 _ 

X-VECTOR 

0 . 229£6E*02  0.17966E+02  0.11527E+02  0.85188E+01 


FUNCTION  VALUES 
0.87360E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

0.26762Em  0.27435E-01  0.7420IE+00  -0.10959E+01 

X-VECTOR 

0.25662E+02  0.17994E+02  0.12269E+02  0.74228E+01 

APPROXIMATE"  FUNCTION VALUES 
0.87536E+02 


SET  VAME  1  TO  25.66  DEGREES 
SEfVANETTb  17799  DEGREES 
SET  VANE  3  TO  12.27  DEGREES 

SET  VANE  4  TO  7.42  DEGREES 


HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 
HOLD  DV3  CONSTANT  AT  A  VALUE  OF  76.779 
EFFICIENCY:  87.5300 _  _  _ 


»***»»»***#*##****«***>>»*****»**# 


FRECISE  FUNCTION  VALUES 
0.3753CE+02 


BEGIN  ITERATION  I2JMCER  9 

TlCMIflAL  0  2  S I GHTiUND E R~=-  13 


X-VECTOR 

0.2566cE.  <2  0.17994E+02  0.12269E+02  0.74228E+01 


FUNCTION  VALUES 
0.87530E+C2 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR^ 

-5T729S2E-01  -0.20536E-03  -0794522E-01  07481501=1)1' 
X-VECTOR 

0.25539E*02  0.17994E+02  0.12175E+02  0.74710E+01 
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1 


APPROXIMATE  FUNCTION  VALUES 
0.87530E+02 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX* 


SET  VANE  1  TO  25.59  DEGREES 


SET  VANE  2  TO  17.99  DEGREES 


SEf  VANE  3  TO  12 .17  DEGREES 


SET_VANE  4_T0 _ 7.470EGREES 


HOLO  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLO  OVS  CONSTANT  AT  A  VALUE  OF _ 76 . 779 

EFFICIENCY:  67.5300 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX* 


PRECISE  FUNCTION  VALUES 
0.87530E+02 


BEGIN  ITERATIONJiUMSER _ 10 _ 

NOMINAL  DESIGN  NUMBER  =  14 

X- VECTOR 

0 . 23339E+02  0~i79?4E+02  0.121/51+02  0.'74710E+bl 

FUNCTION  VALUES 

0.67530E+02  _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
D  c  LTA-X  VECTOR 

0 . 27530E-02  -0.5315CE-03  -0.88454F.-03  0.12517E-02 

X-VECTCR  __ 

0 . 25591E+02  0717993E+02  0.12174E+02  0.74722E+61 

APPROXIMATE  FUNCTION  VALUES 

__  0.87530E+02  _ 

XXXfcXXXLXXXXXXXXXXXXXXXXXXItXXXXXX 


SET  VANE  1  TO  25.59  DEGREES 


SET  VANE  2  TO  17.99  DEGREES 
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SET  VANE  3  TO  12.17  DEGREES 


SET  VANE  4  TO  7.47  DEGREES 

_ HOIO  RPMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 _ 

HOLD  bvs  CONSTANT  AT  A' VALUE  OF  76.779 

EFFICIENCY  87.5300 

_»»##  **#*«#***  tttf tttffftt#***# _ 

_ PRECISE  FUNCTION  VALUES _ 

0.87530E*02 

FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 

NOMINAL  OESIGN  NUMSER  =  IS 

X-VECTCR 

0 .25591E+02  0.17993E*02  0.12174E+02  0.74722E+01 

_ FUf.'CTIOM  VALUES _ 

"  0.07530E+02 

RESULTS  OF  APPROXIMATE  ANALYSIS/OPTIMIZATION 

_ TITLE _ _ _ 

«  ****¥»**#«i*»*5*«i(***i»«»i»*##  »#*«***»«*»*«****«*  »#***#* 

G  L  C3A  L~LCCA  T ION 50FX -VARIABLES 
12  3  4 

GLbiAL~LOCATiC!!S  OF '  FUNCtiONs7  Ft  X) 

7 

A  PF  ."OX  I  MAT  I  ON  ~I  S~BA  5  E  DON  15  DESIGNS 

NOMINAL  DESIGN  IS  DESIGN  NUMSER  15 
VALUES  OF  X-VARIABLES 

0.2559E+02  0.1799E+02  0.1217E+02  0.7472E+01 

VALUES"  OF  FUNCTIONS,  F(  X  j 
0.8753E+02 

COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 

PARAMETER  1^GLC3AL~ VARIABLE  7 

LINEAR  TERMS,  DEL  F 

_ 0 ■ 1770E-03  -0.2815E-04  -0.7172E-04 _ 0.1071E-03 _ 

NON-LINEAR  TERMS,  H,  BCGININ3  WITH  DIAGONAL  ELEMENT 
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RC'.J  1 

-0.433SE-01 

ROM  2 

-575196E-01 

RON  5 

-0.1688E-01 


RCU  4 
-0.1263E-01 


OPTIMIZATION  RESULTS 


OBJECTIVE  FUNCTION _ _ 

GL03AL  LOCATION  7  FUNCTION  VALUE  0.37S30E*02 


OESIGN_VARIABLES _ 

0.  V.  GLOSAL  LONER  UPPER 

10  NO.  VAR .  NO.  CCUNO  VALUE  BC’JND 

_ 1 _ I _  1 _ 0.10000E402 _  0.25591E+02 _ 0.350COE402 

22  2  0.500C0E401  0.17993E+02  0.2500CE+02 

33  3  0.500C0E+01  0.12174E+02  0.25000E*02 

44  4  0.50000E+01  0.74722E+01  0.2500DE+02 


»»**»#*»*  FINAL  SOLUTION  VALUES  *«###«#« 

VANE  ANGLE  FOR  VANE  1  IS  £5.59  DEGREES 

VA:IE_ANGLE_F0?_VANE_2IS _ 17. 99  JJEGREES 

VANE  ANGLE  FOR  VANE  3  IS  12.17  DEGREES 

_VANS_ ANGLE  FORVANc  4  IS _ 7.47  DEGREES 

EFFICIENCY:  87.5300 

RFNC  NAS  HELD  CONSTANT  AT _ 5567.50  _ 

DVS  " WAS  HELD  CONSTANT  AT  76.73~ 

PROGRAM  CALLS  TO  ANALIZ 

ICALC  CALLS 
_  1 _  1  _ 

2  15  ' 

3  l 
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STATOR  VANE  OPTIMIZER 
*«  »*»*•«****<>****«««* 

_PROTOTYPE_SOFTWARE_CAPAGLE  OF  GUIDING  THE .OPTIMIZATION  OF _ 

STATOR  VANE  ANO  BLEED  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 


FREPARED  FOR  THE  AIR  FORCE  AERO  PROFULSION  LABORATORY 
UNDER  CONTRACT  F3 3615-79-C-2C13 


BY:  PRATT  S  KHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  FROBUCTS  DIVISION 


PLEASE  HIT  RETURN  TO  VIE«  OPTIMIZATION  GOAL  MENU 


I  OPTIMIZATION  CONDITIONS  I  CONSTRAINTS  l“ 


NO 

I 

GOAL 

I 

RFMC 

U'C 

FR 

DVS 

O.L. 

T 

S.M. 

i 

EFF 

i 

1 

I 

EFF 

I 

X 

- 

- 

X  _ 

- 

I 

- 

i 

- 

i 

2 

I' 

EFF 

T 

X 

- 

X 

I 

T 

'  T  ' 

3 

I 

EFF 

I 

- 

X 

X 

- 

- 

I 

- 

I 

- 

I 

4 

I 

EFF 

T 

X 

- 

- 

X 

- 

I 

MTN 

I 

- 

I 

5 

I 

EFF 

I 

X _ 

- 

- 

X 

I 

MIN 

I 

- 

I 

6 

T 

EFF 

I 

- 

X  “ 

X 

- 

I 

MIN 

I 

- 

I 

7 

i 

S.M. 

I 

X 

- 

- 

X 

- 

I 

- 

I 

- 

I 

8 

i 

S.M. 

I 

X 

- 

- 

- 

X 

I 

- 

I 

- 

I 

9 

T 

S.M. 

I 

- 

x__ 

_x _ 

- 

- 

I 

- 

I 

- 

I 

10 

1 

S.M. 

1 

V 

- 

- 

X 

- 

1 

I 

MIN 

I' 

11 

I 

S.M. 

I 

X 

- 

- 

- 

X 

I 

- 

I 

MIN 

I 

12 

I 

S.M. 

I 

- 

X 

X 

- 

- 

I 

- 

I 

MIN 

I 

13 

I 

S  t/DLO 

I 

X 

x_ 

- _ 

- 

- 

I 

- 

I 

- 

I 

14 

I 

N-'X  LC 

I 

X 

- 

- 

- 

X 

'I 

MIN 

I 

MIN 

I‘ 

15 

I 

MIN  NC 

T 

X 

- 

- 

- 

X 

T 

MIN 

I 

MIN 

I 

16 

I 

FR 

I 

X 

X 

- 

- 

- 

I 

MIN 

I 

MIN 

I 

17 

I 

FR 

I 

X 

- 

X 

I 

MIN 

I 

MIN 

I 

YOU  HAVE  SELECTED  TO  OPTIMIZE  EFFICIENCY  HOLDING 
CORRECTED  SPEED  (RPMC)  ANO  DISCHARGE  VALVE  SETTING  (DVS)  CONSTANT 


KITH  NO  CONSTRAINTS  CN  SURGE  MARGIN 
HOLD  Rr.'C  CONSTANT  AT  E567.5C0 

HOLD  CVS  CONSTANT  AT  76.779 
OPTIMIZING  4  VANE  AH3LE(5> 


LC. 

2R 

SOUND 

FC7 

VANE 

i 

IS  " 

20 . 

.000 

DO 

YO'J 

AGREE 

?  (Y/N) 

LOT 

ER 

CCUN3 

FCR 

V  *  ‘ 

2 

IS 

5. 

.000 

DO 

YOU 

AGREE 

?  (Y/N) 

Lc: 

OR 

ecu:  s 

FOR 

V7N5 

'3 

IS~ 

5. 

loco- 

CQ 

YOU 

AGREE 

?  (Y/N) 

lc: 

ER 

BOUND 

FOR 

VANE 

4 

IS 

5. 

.coo 

DO 

YOU 

AGREE 

?  (Y/N) 

OFFER 

BOUND 

FCR 

VANE 

r 

IS 

“35. 

000 

DO 

YO’J 

AGREE 

?  (Y/N) 

UFF 

!ER 

BOUND 

FOR 

VANE 

2 

IS 

25. 

000 

*DO 

YOU 

AGREE 

?  (Y/N) 

UPPER 

BOUR.'D 

FCR 

VANE 

3 

IS 

25 

.000 

DO 

YO'J 

1  AGREE 

:?  (Y/N) 

UFFER 

rc-’ 

v:  • 

4 

IS 

25 

.000 

DO  YOU  AGREE?  (Y/N)  _  . 

INCREMENTAL  VANE  ANGLE  VALUE  FOR  INITIAL  VANE  SETTING  IS 


2.00 
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TITLE: 


CONTROL  parameters; 

CALCULATION  CONTROL,  NCALC  =  6 

NUMBER  OF  GLOBAL  DESIGN  VARIABLES, _  NOV  = _ 4 

MISSES  OF  SENSITIVITY  VARIABLES,  NSV  =  0 

NUMBER  OF  FUNCTIONS  IN  TWO-SPACE,  N2VAR  =  0 

NUMBER  OF  APPROXIMATING  VAR.  NXAFRX  =  4 

INPUT  INFORMATION  PRINT_COOE. _ IFNPUT  = _ I 

0EEU3  PRINT  CODE,  IFOBG  =  0 


CALCULATION  CONTROL, NCALC _ 

VALUE  MEANING  . 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

_ 3 _ SENSITIVITY 

4  TWO-VARIABLE  FUNCTION  SPACE 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


*  *  OPTIMIZATION  INFORMATION 


GLCCAL  VARIABLE  NUM3ER  CF  OBJECTIVE  =  7 

MULTIPLIER  (NEGATIVE  INDICATES  MINIMIZATION)  =  0.1030E+01 

CCNltlN  FAPAMETEhS  ( IF' ZERO,' CCNMIN  DEFAULT' WILL  OVER-RIDE) 

IPRINT  ITMAX  ICN'OIR  N3CAL  ITRM  LIN33J  NACMX1  NFDG 
_ 5 _ 2  0  __ _ 5 _ 0 _ 3___  _  .  0 _ 10 _ 0  __ 

FOCH  FDCHtl  CT  CTMIN 

0 . 1C300E-01  0 . 10CCCE-02  -0.50000E-01  0.43300E-02 

~CTL  CTLMIN  TKETA  PHI 

-0. 10000E-01  0.10000E-02  O.ICOOOE+Ol  0.0 

OELFUN  OABFUN  ALFHAX  Ar03Jl 

0 . lOOCOE-OC  0.0  0.1C030E+30  '  0 . ICOOCEVoO 

DESIGN  VARIABLE  INFORMATION 


NGN- 

ZERO  INITIAL  VALUE  WILL  CVER-RIOE 

MODULE  INPUT 

0.  V 

lc*.::.? 

UPPER 

INITIAL 

NO. 

ecu;  :o 

EC’JNO 

VALUE 

SCALE 

1 

0 . 1000CE+02 

0.3300CE»02 

0.200CCE*02 

0.0 

2 

0.3303CE+C1 

0.2C3CCE+02 

0 . 120DCE  +  02 

0.0 

3 

0 .  50CCCE  +  01 

0 . 2S33CE+02 

0.7C030E+01 

0.0 

4 

0 . 500C0E+01 

0 . C30C0E+02 

0.70000E+01 

0.0 

Design  variables 

0.  V.  GLOBAL  MULTIPLYING 
ID  NO.  VAR.  NO.  FACTOR 
11  1  0 . 10000E+01 


2  2 

3  3 

4  4 


2  0. lOOCOE+Ol 

3  0 . 10300E+01 

4  0.10333E+01 
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CONSTRAINT  INFORMATION 


THERE _ARE _ 0  CONSTRAINT, SETS 


J*_*_AFPROXIMATE  ANALYSIS/OPTIMIZATICN  INFORMATION 

NUMBER  OF  FUNCTIONS  APPROXIMATED,  NF  =  0 

NUMBER  Or  INPUT  X-VECTCRS,  NPS  =  5 

NUMBER  OF  INPUT  X-F  PAIRS, _  NPFS  = _  0 _ 

X-VECTCR  FROM  ANALI2,  "  NPA  ="  0 

NOMINAL  DESIGN,  INCM  =  0 

READ  UNIT  FOR  X-VECTCRS,  ISCRX  =  5 

READ  UNIT  FOR  X-r  PATRS, _ ISCRXF  = _  5 _ 

PRINT  CONTROL,  '  IPAFRX  =  "l 

MINIMUM  APPROXIMATING  CYCLES.  KMIN  =  S 

MAXIMUM  APPROXIMATING  CYCLES, _  KUAN  =  _  17 _ 

"MAXIMUM  DESIGNS  USED  IN  FIT,  NRNAX  ='  '  2S 
NOMINAL  DESIGN  PARAMETER.  JNCU  =  03 

X-LCCATICN  IM'"UT  PARAMETER.  IfKLCC  =  0 

F- LOCATION  INPUT  FAPANETER, _ INFLOC  =_  ,0 _ 

TAYLER  SERIES  I.Q.  CODE,  "  MAXTPtt  =  ‘  2 


DELTA-X  BOUNDS  FCR  APPROXIMATE  OPTIMIZATION  _ 

a.2oco:*ai  o.ooooe+oi  o.2coce*ci  o.£033E*bi 

MULTIPLIER  ON  CELX,  XFACT1  =  0.1E30E+01 

MULTIPLIER. CNDELX, _ XFACT2  = 0.2C00E  +  01 


GLOBAL  LOCATIONS  OF  X-VAPIACLES 
12  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS 
7 


X-VECTORS  INPUT  FROM  UNIT 


NUMBER  I  DESIGN  1 

0.1G0CE*02  0 . 1C3CE+0C  0.5000E+0I  0.5000E+01 


NUMBER  2  DESIGN  2 

0 . 20C3E+02  0 . 1CC3E+02  0.500CE+01  0.5000E+01 


NUMBER  3  DESIGN  3 

0 . ZOOCE*OZ  0 . 1Z0CE*0Z  0.5000E+01  0.5000E*01 


NUMBER  4  DESIGN  4 

0. 2C00E+0C  0. I20CE+02  0.7000E+01  0.5000E+01 


NUMBER  5  DESIGN  5 

0.0C00E+O2  0. 123CE+02  0.7000E+01  0.700CE+01 
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»  »  ESTIMATED  DATA  STORAGE  REQUIREMENTS 


PEAL 

INTEGER 

INPUT 

EXECUTION 

AVAILABLE 

INPUT 

EXECUTION  AVAILABLE 

33 

315 

5000 

_ 22  _ 

64  1000 

*K**V«»*tt*«**;S ****** ************ 

_ SET  VANE  1  TO _ 13.00  DEGREES _ 

SET  VANE  2  TO  10.00  DEGREES 

_ SET  VANE  3  TO _ 5.00  DEGREES _ 

SET  VANE  4  TO  5.00  DEGREES 

_ HOLD  RrMC  CCNSTANT  AT  A  VALUE  OF _ 5567.500 

'HOLD  OVS  CCNSTANT  AT  A  VALUE  Or  76.779 

EFFICIENCY:  86.6000 

K******************************** 


*******  ************************** 


SET  VANE  1  TO  20.00  DEGREES 

_ SET  VANE  2  TO 10 . OODESREES _ 

SET  VANS  3  TO  5.00  OECREES 

_ SET_VANE_4  TO _ 5.00  DEGREES _ 

HOLD  RPNS  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

_  EFFICIENCY:  86.7400  __ 

**);*•»**  ************************** 


************ *****>  '(************** 


SET  VANEJ.  TO _ 20.00  0EGREES_ _ 

SET  VANE  2  TO  12.00  DEGREES 

SET  VANE  3  TO  _ 5.00J3ECREES _ _ 

SET  VANE  4  TO  5.00  DEGREES 

NOLO  RPNC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF_  "  76.779 

EFFICIENCY*  86.5000 


****************  *¥*v-*X*¥**  ******* 


******  *******  ***  «■'(**  X************ 


SET  VANE  1  TO  20.00  DECREES 

SET  VAN’S  2  TO _ 12.00  DEGREES  _ _ 

SET  VANE  3  TO  7.00  OEGRCES 

SET  VANE  4  TO  5.00  DECREES _ 

HOLD  RFNC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CCNSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  86.9800 
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_ SET  VANE  1  TO _ 20.00  DEGREES _ 

SET  VANE  2  TO  12.00  DEGREES 

_ SET  VANE  3  TO  7.00  DEGREES _ 

SET  VANE  4  TO  7.00  OEGREES 

HOLO  PPNC  CONSTANT  AT  A  VALUE  OF  5567. S00 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  87.0200 

APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 
APPROXIMATING  FUNCTION  1  IS  THE  OBJECTIVE 

DESIGN  VARIABLE  NUMBERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES 
12  14 


BEGIN  ITERATION  NUMBER  1 
NOMINAL  DESIGN  NUN3ER  :  5 

X-VECTCR 

_ 0 ._20030E*02 _ 0 . 12000E  +  02 _ 0 .70 000 E +01 _ 0 .70000E+01 

FUNCTION  VALUES 
0.87020E+02 


RESULTS  CF  APPROXIMATE  OPTIMIZATION 
_ OELTA-X  VECTOR 

<3.2 5500E+C1  0.200bCEidl"  0 . 20000E+01  '  b’.COOOOE+Cl 
X-VECTCR 

_ 0_.22CCCE  +  02  0.14000E*02_  0.90000E  +  01__  0.90000E*01 

APPROXIMATE  FUNCTION  VALUES 
0.374'iCE  +  02 

¥  k  s  '.*:<***  k  *  *  a  *  *  *  i;  **  a  ********  * 


SET  VANE  1  TO  22.00  OEGREES 

SET- VANEirTO  14.00  DEGREES 

SET  VANE  3  TO  9.00  OEGREES 

SEf ~VAi(E ~4~ TO  9.00  DEGREES 

HOLD  RPtIC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  '  £7:2000" .  . . 

tut******************************* 


PRECISE  FUNCTION  VALUES 
0.87200E+02 


^EGINITERATICMNUMEER _ 2_ 

NOMINAL  DESIGN  NUMBER  :  6 

X-VECTOR 


65 


0 . 22000E+02  0 . 14000E+02  0.90000F+01  0.90000E+01 

FUNCTION  VALUES 

0 . G7200E*C2 _  _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 


DELTA-X  VECTOR 

-0.1719SE+01  0.20000E+01  0.2C000E+01  0.20000E+01 

_ X-VECTCR _  _  _ 

0 . 2C233.E+02  0.16C00E+02  b.li.OOOE+02  0 .  lioboE+02~ 

APPROXIMATE  FUNCTION  VALUES 

_  0.873SCE+02  _  _ _ 

»*»*»«*»*»•***«»»*  ’  . . 


SET  VANE  1  TO _ 20.28  OEGREES _ 

SET  VANE  2  TO  16.00  OEGREES 

SET_VANE_3  TO _ 11.00  DECREES _ 

SET  VANE  4  TO  11.00  DEGREES 

HOLO  RFMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

NOLO  OYS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  37.0600 


PRECISE  FUNCTION  VALUES 
"'0.S7:6CE*02 


BEGlff  ITERATION  N’JXSZR  3 

NOMINAL  DESIGN  NUMCER  =  7 

X-VECTCR 

0 .  C0281E*C2  0 . 16000E+02  O.I1000E*02  0.I1000E+O2 

FUNCTION  VALUES _ _ 

0 .87C6CZ+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION _ 

DELTA-X  VECTOR 

0 . 30000E*0!  -0. 30000E+01  0.20000E+01  0.20000E*01 

X-VECTCR 

0.23231E*02  0.13000E+02  0.13000E*02  0.13000E+02 

APPROXIMATE  FUNCTION  VALUES 
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0.87489E+02 


SET'VAliFl" TO  23 .13  DEGREES 

SET  VANE  2  TO  13.00  DEGREES 

SET  VANE~3~T0  13.00  OEGREES 

SET  VANE  4  TO  13. CO  DEGREES 

HOLDUPS  CONSTANT  AT  T  VALUE  ~OF  55671500" 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFIC1ENCY=  £6.8100 


FRECISE" FUNCTION  VALUES 
0.36810E+02 


BEGIN  ITERATION  HUNGER  4 

NOMINAL  DESIGN  HUNGER  = _ 8 _ 

X-VECTCR 

0.23C81E+C2  0.13000E+02  0.13C00E+02  0.13000E+02 

F  U!  !CT  I  ON  VALUES 
0.35310E+C2 


RESULTS  OF  AFRROXINATE  OPTIMIZATION 
DEL7A-X  VECTOR 

_ 0. 25161 E* 00 _ 0. 3SOOOS+01_-0.30000E*01 _ 0.2CC00E+01 

X-VECTOR 

0 . 23532E+02  0.16000E+02  0.10000E*02  0.150CCE*02 

APPROXIMATE  FUNCTION  VALUES 
0.37317E+02 

»****»*«  *»***■<  »»»#**  K*K*««X**atK*X 


SET  VANE  1  TO  23.53  OEGREES 

_SET_VANE_2  TO _ 16 . OO  DECREES _ 

SET  VANE  3  TO  10.00  DEGREES 

SET  VANE  4  TO _ 15.00  DEGREES _ _ _ _ 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  86.5400 
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PRECISE  FUNCTION  VALUES 
0.36540E+02 


BEGIN  ITERATION  NUMBER  5 

TTcm i n a lTc  e s icn  nutser"*  9 

X-VECTCR 

_ 0 . 23532E+02 _ 0 . 16000E+02_  0 .10000E  +  02_0. 15000E+02 

FUNCTION  VALUES 
0.3554CE+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ DELTA-X  VECTOR  _  _  _ _ 

0.22337E-01  '  0 .5272CE  +  00  0.23434E+01  -0'.300'00Em 

X-VECTC3 

_ 0.23552E+02 _ 0 1. 16337E*02_0_.  1234SE«02_  0  ..12000E*02 

APPROXIMATE  FUNCTION  VALUES 
0.27039E+C2 

****K»i*;iX**i'X  >4  •*»<)«***#»¥*' XXtfFKXtW* 


SET  VANE  1  TO  23.55  DEGREES 

SET-' VANE T '  TO  16 . 59  DECREES 

SET  VANE  3  TO  12.35  DECREES 

SET-VANE™4— TO  12. '00  DECREES 

HOLD  RR.MC  CONSTANT  AT  A  VALUE  OF  5567. 5C0 

_ HOLD  DVS  CONSTANT  AT  A  VALUE  CF__ _ 76.779 

EFFICIENCY-  ~S7.130C" 

*  *  k»**  *  x  •<#*«*  *s  ******  *  **»><i»**x**«  * 


FPECISE  FUNCTION  VALUES 
0 . 37160E+02 


BEGIN  ITERATION  NUMBER _ 6 _ _ _ 

NOMINAL  DESIGN  NUM3ER  =  10 

X-VECTOR _ 

0 . 23552E+02  0.16SS7E+02  0.12348E+02  0.1200GE+02 

FUNCTION  VALL'ES 

_ 0 .C71C0E+02 _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

DELTA-X  VECTOR  . 

0.3000CE+01  C . 30000E+C1  0.3CC20E*01  -0.30000E*01 

_ X-VECTOR  _ 

0.26332Et02_  0.193D7E+S2  0.15346E*02  0.90000E+01 

APPROXIMATE  FUNCTION  VALUES 

_ 0.37313C+02  _ _ _ 

.  ” 


_ SET  VANS  I  TO _ 26.55  DEGREES _ 

SET  VANE  2  TO  19.59  DEGREES 

SET  VANE  3  TO  15.35  DEGREES _ 

SET  VANE  4  TO  9.00  DEGREES 

_ HOLD  R PMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  e7.3200 

*X*X*X*X*XXX*****X*****X* ******** 


PRECISE  FUNCTION  VALUES 
6.C732CE+02' 


MGlfTlTlRAtiCSnSSSER  7 

NOMINAL  DESIGN  NUMSER  =  11 

TG-VECTCR  " 

0.265526*02  0.195S7E+02  0.15348E+02  0.90000E+01 

^FUNCTION  VALUES _ 

"0.37320E*C2 


RESULTS  OF  APPPOXIMATE  OPTIMIZATION 


CELTA-X  VECTOR 

-0.33000E+01  -0.375S1E+00  -0.57363E+00  -0.22680E+01 
X-VECfCR 

0.23552E+02  0.1921CE*02  0.14775E*02  0.67320E+01 

APPROXIMATE  FUNCTION  VALUES 


0 .87493E+02 

******* v «*»*** ******************* 

SET* Va!JE”  1  TO  25.55  DEGREES 

SET  V.V !E  2  TO  19.21  DEGREES 

SEt'VANE- 3  TO  14.77  DECREES 

SET  VANS  4  TO  6.73  OEGREES 

holo  pfn'c  constant  at  a  value  of  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  S7.2700 

'***#******»**********************  — 


FFECISE'  FUNCTION  VALUES 
0.87270E+02 


BEGIN  ITERATION  NUM3ER  8 

N0KIMAL_0ESIGN_NUf!3ER  _= _ 12 _ 

X. VECTOR 

0.23S32E402  0.19212E+C2  0.14775E+02  0.67320E+01 

FUNCTION  VALUES 
0.87270E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

_ 0.  i:OOOE+01_-0.10000E*01_-0  .lOOOOE+Ol _ 0.6_9491E«0_0 

X-VECTCR 

0.24S32E402  C.1S212E+C2  0.13775E+02  0.74269E+01 

XFrGCXlS'ATE  FUNCTION  VALUES 
0.87332E+02 

*»»  »««>*•-< 


SET  VANE  1  TO  24. S5  DEGREES 

SET_V.'NE  2  TO _ 18^21  DEGREES _ 

SET  VANE  3  TO  13.77  DEGREES 

SET  VANE  4  TO _ 7 .430EGREES _ 

HOLD  RPITC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY  87.4700 


FRGCISE  FUNCTION  VALUES 
0.37470E+02 


BEGIN  ITERATION  NUM3ER  9 
NOMINA r DESIGN  NUMBER- ="  13 

X-VECTCR 

_ 0 . C4552E+02 _ 0 . 13212E+02  0 . 13775E+02 _ 0 . 74269E+01 

FUNCTION  VALUES 
0. 87470E>02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
_ CEITA-X  VECTOR 

0.30000E+01  -b.22538E+bi  -0~27219E+01  -0lli338E«0i 
X-VECTOR 

_ 0 . 27SS2E+02  0 . 13933E+020 . 11053c *02 _ 0.62931E+01 

APPROXIMATE  FUNCTION  VALUES 
0.87773E*02 


SET  VANE  1  TO  27.55  DEGREES 
SETVANE2  TO  15.93  DECREES 
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SET  VANE  3  TO 


11.05  OEGREES 


SET  VANE  4—  TO  6.29  DEGREES 

HOLO  RFMC  CONSTANT  AT  A  VALUE  OF  5567. 500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

Efficiency's  "87.2300 
********************************* 


PRECISE  FUNCTION  VALUES 
0.87230E+02 


BEGIN  ITERATION  NUH3ER _ 10 _ 

NOMINAL  DESIGN  NUMBER  =  14 

X-VECTOR _ 

0.27552E+02  0.15958E+02  0.11053E+02  0.62931E+01 

FUNCTION  VALUES 

_ 0.87230E+02 _ _ _ _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

-0.30000E+01  0.18264E+01  0.62902E+00  0.14670E+01 

_ X-VECTCR 

0 . 245S2E+02  0.17784"*02  0 . 11682E+02  "  0.77601E*01 

APPROXIMATE  FUNCTION  VALUES 

0.8738 «E*02  _  _ 

****»«  ******* ******** ************ 


_  SET  VANE  1  TO  24.55  DEGREES _ _ _ 

SET  VANE  2  TO  17.78  DEGREES 

_ SET_VANE  3  TO _  11.63  DEGREES _ 

SET  VANE  4  TO  7.76  DEGREES 

_ HGLO  RrNC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  DV3  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY!  87.5200 

********************************* 


PRECISE  FUNCTION  VALUES 
0.87520E+02 


BEGlW  lTERATION  NUMBER  11 
NOMINAL  OESIGM  NUMBER  =  15 

X-VECTCR 

0 . 24552E+02  0.17784E+02  0.11682E+02  0.77601E+01 

FUNCTION  VALUES _ 

—  0 . 87520c*C2 
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_ RESULTS  OF  APPROXIMATE  OPTIMIZATION^ _ 

OELTA-X  VECTOR 

-0,15094E*00  0. EOOOOE+Ol  -0.27914E+01  0.12013E+00 

X-VECTCR 

0 . 24402E+02  0.20784E+02  0.88905E*01  0.78802E+01 

_ APPROXIMATE^  FUNCTION  VALUES _ _ 

0.87778E+02 

*»«XX»X*XX***#*»**I(X*«**«*#XX***» 

SET- VANE_1 " TO  24.40  0 EGR EES 

SET  VAtfE  2  TO  20.78  DEGREES 

SET- VANE  3  TU  8.89  DECREES 

SET  VANE  4  TO  7.83  DEGREES 

—  KOLO  RPliC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  87.3000 

"•XXXXXXXXXXXXXXiiXXXXXXXXXXXXXXX*#"  " 

PRECISE' FUNCTION  VALUES 
0.87300E+02 


BEGIN  ITERATION  NUMBER  12 

NOMINAL  DESIGN  NUMBER  = _ 16 _ _ 

X-VECTCR 

0.244C2E+02  0.20734E+02  0.68905E+01  0.78802E+01 

'FUNCTION' VALUES  “ 

0 .8730CE+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

-0 . 12274E+00  -0.30000E+01  0.13476E+01  -0.1C194E+00 


X-VECTCR 

0.24279E+02  0.17784E+C2  0.1023SE+02  0.77583E+01 

Approximate  function' values  ~ 

0 . 87402E+02 

xxxxxxxxxxxxxi-  xxxxxxxxxxxxxxxxxx* 


SET  VANE  1  TO  24.28  DEGREES 

SET  VANE  2  TO _ 17.73  DEGREES _ 

SET  VANE  3  TO  10.24  DEGREES 

SET  VANE  4  TO 7.76  DEGREES _ 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  87.4900 
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PRECISE  FUNCTION  VALUES 
0 . 87490E+02 


BEGIN  ITERATION  NUMBER  13 
NOMINAL "DESIGN  NUM3ER  =  17 

X-VECTOR 

_ 0  ^24279E*02 _ 0. 177S4E+02 _ 0_.  10238E+02 _ 0 . 77583E+01 

FUNCTION  VALUES 
0.87490E*02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
_ DELTA-X  VECTOR 

-0 . 13056E-01  -0.74S11E+00  -07l8030t»6i  -O.28726E+0O" 
X-VECTCR 

_ 0.24266E*02  0.17039E*02  0.84351Em  0.74710E401 

APPROXIMATE  FUNCTION  VALUES 
0.e7£?6£»C2 

*X»****#**»XX*XX»>iXXX**Ci*«XX»X»XIH«M 


SET  VANE  1  TO  24.27  DEGREES 

SET"VAN;"'2  TO  17.04  DEGREES 

SET  VANE  3  TO  6.44  DEGREES 

SET" VAN;  ~<i  TO  7.47  DEGREES 

HCLO  PTMC  CONSTANT  AT  A  VALUE  OF  5567.500 

MOLO  CVS  CONSTANT  AT  A  VALUE  OF  76^779 

EFFICIiNEY*  ‘  87. ‘*000 

xxxxx  xxx  x xxxxx*  xxxxxxxxxxxxxxxxx* 


PRECISE  FUNCTION  VALUES 
0.87490E+02 


BEGIN  ITERATION  NUMBER  14 


NOMINAL  DESIGN  NUMBER  =  18 

X-VEC.OR 


0 . 24266E+02  0.17039E+02  0.64351E+01  0.74710E+01 

FUNCTION  VALUES 

_ 0.87490E+02 _ . _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR  . 

0.13986E400  0.1S656E-01  -O.lOOOOExOl  0.26333E+00 

_ X-VECTOR  _  _ 

0 . C44C6E+02  0.17055E*02  0.7435IE+01  0.77344E*t>l 

APPROXIMATE  FUNCTION  VALUES 

0.87503EA02  _  _ 
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_ SEX_VANE  1  TO  24.41  DEGREES _ 

SET  VANS  2  TO  17. C3  DEGREES 

_ SET_VANE  3  TO _ 7.44  OEGREES _ 

SET  VANE  4  TO  7.73  OESREES 

_ HOLD  RFMC  CONSTANT  AT  A  VALUE  OF _ 5567. 500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY:  07.4300 


PRECISE  FUNCTION  VALUES 
0.3/430E+02 


FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 
NOMINAL  DESIGN  NUMBER  =  15 


X-VECTCR 

0 . 045525*02  0.17734E+02  0.116S2E+02  0.77601E*01 

FUNCTION  VALUES _  _ _  _ 

0 . 37520E+02 

RESULTS  OF  APPROXIMATE  ANALYSIS/CPTIMIZATICN 


TITLE  _  . . 


GLCC \L  LOCATIONS  OF  X-VARIACLES 
12  3  4 


GLOOM  LOCATIONS  OF  FUNCTIONS,  F(X> 

7 

APPROXIMATION  IS  EASED  ON  19  DESIGNS 
NOMINAL  DESIGN  IS  DESIGN  NL03SR  15 
VALUES  OF  X-VARIA5LES 

0.24E5E+02  0.177CE*02  0.1160E*02  0.7760E+01 

VALUES  CF  FUNCTIONS,  F(X) 

0.875CE*0C 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 

PARAMETER  “  1=  GLOBAL  VARIABLE  . . 7  " 

LINEAR  TERMS.  DEL  F 

_  -0.1274E-01  -0 . 1145E-01 _  -0 . 3592E-0Z _ -0. 2156E-01 

NON-LINEAR  TERMS,  H,  EEGININ3  WITH  DIAGONAL  ELEMENT 
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ROW  1 

-0.2S31E-01 

RON  2 

-0.1401E-01 

RON  1 

-0.9645E-02 


ROM  4 
-0.3166E-01 


OPTIMIZATION  RESULTS 


03JECTIVE  FUNCTION _ _  .  _  _ 

GLOBAL  LOCATION  7  FUNCTION  VALUE  0.87520Et02 


DESIGN  VARIABLES 


0.  V. 

GLODAL 

LONER 

UPPER 

ID 

NO. 

VAR.  NC. 

ECONO 

VALUE 

BOUND 

1 

1 

1 

0.10000E+02 

0.24552E+02 

0 . 35000E+02 

2 

2 

2 

0 .50000E+01 

0.17784E+02 

0 . 25000E+02 

3 

3 

3 

0.50000E+01 

0 . 116SCE+02 

0 . 2500QE+02 

4 

4 

4 

0.50D30E+01 

0.77S01E+01 

0.25000E+02 

«.»«»**»**  FINAL  SOLUTION  VALUES  «****««* 


VANE  ANCLE  FOR  VANE  1  IS  24. SS  DEGREES 

VANE_ ANGLE  FOR  VANE  2  IS _ 17.78  DECREES 

VANE  ANCLE  FOR  VANE  3  13  11.68  DEGREES 

VA«»E_ ANCLE  FOR  VANE  4  IS _ _ _ 7 .76  DEGREES 

EFFICIENCY5  87. 5200 

RPMC  MAS  HELD  CONSTANT  AT _ 5567.50  _____ 

DVS  M \3  HELO  CONSTANT  AT  76.78 

FROGRAM  CALLS  TO  ANALIZ 

ICALC  CALLS 

_ 1 _ 1 _ 

2  19 

3  1 


STATOR  VANE  OPTIMIZER 
*•«««**»»«•««•*•**«•* 

_ PROTOTYPE -SOFTWARE  CAPABLE  OF  6UI0ING  THE  OPTIMIZATION  OF — 

STATOR  VANE  AND  BLEED  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 

PREPARED  FOR  THE  AIR  FORCE  AERO  PROPULSION  LABORATORY 

UNDER  CONTRACT  F33615-79-C-2013 

by:  PRATT  l  WHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  PRODUCTS  DIVISION 


PLEASE  HIT  RETURN  TO  VIEW  OPTIMIZATION  GOAL  MENU 

I  OPTIMIZATION  CONDITIONS  I  CONSTRAINTS  I 
NO  I  GOAL  I  PPMC  NC  PR  OVS  O.L.  I  S.M.  I  EFF  I 


+ - ♦ - + - ♦ 


1 

I  EFF  I 

X 

_ 

_  X 

_ 

I 

_ 

I 

.. 

I 

2 

I  EFF  I 

X 

- 

- 

X 

I 

- 

I 

- 

I 

3 

I  EFF  I 

- 

X 

X 

- 

- 

I 

- 

I 

- 

I 

4 

I  EFF  I 

X 

- 

- 

X 

- 

I 

MIN 

I 

I 

5 

I  EFF  I 

X 

_ 

_ 

_ 

--  X 

I 

MIN 

I. 

_ 

I 

6 

I  EFF  I 

X 

X 

- 

I 

MIN 

I 

- 

I 

7 

I  S.M.  I 

X 

- 

- 

X 

- 

I 

- 

I 

- 

I 

a 

I  S.M.  I 

X 

- 

- 

- 

X 

I 

- 

I 

- 

I 

9 

I  S.M.  I 

_ 

x_ 

X 

_ 

_ 

I 

I 

_ 

I  _ 

10 

I  S.M.  I 

X 

X 

- 

I 

- 

I 

MIN 

I 

11 

I  S.M.  I 

X 

- 

- 

- 

X 

I 

- 

I 

MIN 

I 

12 

1  S.M.  1 

- 

X 

X 

- 

- 

I 

- 

I 

MIN 

I 

I  1 

I  C-V2LD  l 

X 

X  - 

_ 

_ 

I 

_ 

.1 

- 

I  . 

14 

I  MAX  UC  I 

X 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

15 

I  MIN  NC  I 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

16 

I  rs  i 

X 

X 

- 

- 

- 

I 

MIN 

I 

MIN 

I 

..17 

l__  FR  .  I 

X 

_ -  ... 

- 

..  .  .  - 

--  X 

I 

MI!I 

I 

MIN  _ 

I 

YOU  HAVE  SELECTED  TO  OPTIMIZE  SURGE  MARGIN  HOLDING 


CORREGTCD  SPEED  (RPMC)  AND  DISCHARGE  VALVE  SETTING  (DVG)  CONSTANT 

"WITH  NO  CONSTRAINT  ON  EFFICIENCY 
HOLD  RPMC  CONSTANT  AT  5567.500 
HOLD  OVS  CONSTANT  AT  76.779 

OPTIMIZING  4  VANE  ANGLE (S  ) _ _ _ 

LONER  I'C'JMD  FCR  VANE  1  IS  10.000 
DO  YO'J  AGREE?  (Y/N) 

LCN'ER  BOUND  FCR  VANE  2  IS  5.000 

.CO  YC'J  AGREE?  ( Y/N ) _  _  _ 

LONER  BOUND  FCR  VANE  3  IS  5.000 
DO  YCU  AGREE?  (Y/N) 

LONER  BOUND  FOR  VANE  4  15  5.000 

.DO  YOU  AGREE?  (Y/N)  ...  _  _ _ _ _ 

UPPER  BOUND  FCR  VANE  1  13  35.000 

00  YCU  AGREE?  (Y/N I 

UPPER  BOUND  FOR  VANE  2  IS  25.000 

00. YOU. AGREE?  (Y/N) _ _ 

UPPER  SC'JKD  FOP  VANE  3  IS  25.000 
DO  YC'J  AC-REE?  (Y/N) 

UPFEP  BOUND  FOR  VANE  4  IS  25. COO 

CO  YOU  AGREE?  (Y/N)  .  ...  .. - 

INCREMENTAL  VANE  ANGLE  VALUE  FOR  INITIAL  VANE  SETTING  IS  -2.00 


WMA  MOB  turn  MOT  IIUO 


TITLE: 


CONTROL  PARAMETERS; 

CALCULATION  CONTROL,  NCALC  =  6 

NUMBER  OF  GLC3AL  OESIGN  VARIABLES,  -  .  NDV.= - 4 

NUMBER  OF  SENSITIVITY  VARIABLES,  NSV  =  0 

NUMBER  OF  FUNCTIONS  IN  TWO-SPACE,  H2VAR  =  0 

NUMBER  CF  APPROXIMATING  VAR.  NXAPPX  =  4 

INPUT  INFORMATION  PRINT  CODE, - IPNFUT  = _ 1 

DEBUG  PRINT  CODE,  IP3C.G  =  0 


CALCULATION  CONTROL,  NCALC _ _ 

VALUE  MEANING 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

_ 3 _ SENSITIVITY  ...  _ _ 

4  TWO-VARIABLE  FUNCTION  SPACE 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


*  .OPTIMIZATION  INFORMATION  _ _ 

GLOBAL  VARIABLE  NUMBER  CF  OBJECTIVE  =  6 

MULTIPLIER  ( NEGATIVE  INDICATES  MINIMIZATION)  =  0.1000E+01 

CCNMIN  PARAMETERS  (IF  ZERO,  CCNMIN  DEFAULT  WILL  CVER-RIDE ) 

I  PRINT  ITMAX  ICNDIR  NSCAL  ITRft  LINCDU  NACMX1  N'FCG 

_  5 _ 20 _  5 - 0 _  3.0  ...  10  _  0  - 

FCCH  FOCMM  CT  CTMIN 

O.lCOaOE-Ol  0 . 1C000E-02  -0 . 50000E-01  0.4000CE-02 

“cTl'  CTLMIN  THETA  FHI 

-0.10000E-01  0 . 1GC03E-02  O.ICOOOE+Ol  0.0 

_OEiri'N  .  _ DACFL'N  _ ALFHAX  _ ACC3J1  .  _ 

O.IOOOOE-02  0.0  0.10000E  +  00  O.lOOOCE-tCO 

DESIGN  VARIABLE  INFORMATION 

NON-ZERO  INITIAL  VALUE  UILL  OVER-RIDE  MODULE  INPUT _ _ 

D.  V.  LONER  UPPER  INITIAL 

NO.  BOUND  BOOM’D  VALUE  SCALE 

1  0.1CCC:E+02  0. 35CPCE+02  0.27003E«02  0.0 

2  _  0.50000E+01  0 . C30R0E  +  02  _ _ 0.16000E+02 _ 0.0 _ 

3  0 . 50CC0E*C1  O.ESOOOE*02  0.13000E+C2  0.0 

4  0 . S0C0CE+01  0.25C0CE*02  0.90000E+01  0.0 


OESIC-N 

VARIABLES 

0 

1.  V. 

GLOBAL 

MULTIPLYING 

ID 

NO. 

VAR.  NO. 

FACTOR 

_  1 _ 

.  1 _ 

_ 1 _ 

o.iorooE+oi 

2 

2 

2 

0.10000E+01 

3 

3 

3 

O.lOOCCEfOI 

4 

4 

4 

0 . 10C0CE+01 

CONSTRAINT  INFORMATION 
-THERE  ARE  0  CONSTRAINT  SETS 


_ *  “-APPROXIMATE  ANALYSIS/OPTItUZATION.  INFORMATION  — 


NUM3ER  OF  FUNCTIONS  APPROXIMATED,  NF  =  0 

NUMBER  OF  INf"UT  X-VECTCRS,  NFS  =  5 

.  NUMBER  OF  INPUT  X-F  PAIRS, _ NPFS  = _ 0. 

X-VECTOR  FROM  ANALIZ,  NPA  =  0 

NOMINAL  DESIGN,  INOM  =  0 

READ  UNIT  FOR  X-VECTORS,  ISCRX  =  5 

.READ  UNIT  FOR  X-F.  PAIRS, _ ISCRXF  = _ 5- 

PRINT  CONTROL,  IPAPRX  -  1 


MINIMUM  APPROXIMATING  CYCLES,  KMIN  =  5 

MAXIMUM  APPROXIMATING  CYCLES,-  KM AX  = _ 17 

MAXIMUM  DESIGNS  USED  IN  FIT,  NPMAX  =  28 

NOMINAL  DESIGN  PARAMETER,  JNCM  =  £8 

X-LOCATICN  INPUT  PARAMETER,  INXLOC  =  0 

E-LCCATICN  INPUT  PARAMETER, — INFLOC  = - 0 

TAYLER  SERIES  I.O.  CODE,  NAXTRM  =  2 


OELTA-X  BOUNDS  FOR  APPROXIMATE  OPTIMIZATION _ 

0. 20002*01  0 . 20C0E+01  0.2000t*01  O.ZOOOEtDl 

MULTIPLIER  ON  CELX,  XFACT1  =  0.1500E+01 

.MULTIPLIER-ON  DELX, _ -XFACT2  .  =  _  0.20COE+01 _ 


GLOBAL  LOCATIONS  CF  X-VARIABLES 

_ I _ 2 _ 3 _ 4 _ 


GLOBAL  LOCATIONS  CF  FUNCTION'S 


X-VECTOPS  INPUT  FROM  UNIT  5 


NUN3ER  I  OESIGN  1 

0.270GE*02  0 . 18CCE+C2  0.1500E+02  D.I100E+02 


NUMBER  2  OESIGN  2 

0 .  27CCE*02  O.lCOCErOE  0.150CL+02  O.llOCEtOC 


NUMBER  3  DESIGN  3 

0.2700E+02  0 . 1600E+02  0  15CCE*02  0.1100E+02 


NUMBER  4  DESIGN  4 

0 . 270QE+02  0.16CCE+02  0.130CE+02  0.1100E+02 


NUMBER  S  DESIGN  5 

0 . 2  700E+02  0 . 16CCE*C2  0.1300E+02  0.9000E+01 


_ *.*  ESTIMATED  DATA  STORAGE  REQUIREMENTS _ 

REAL  INTEGER 

INPUT  EXECUTION  AVAILABLE  INPUT  EXECUTION  AVAILABLE 
_  33  315  .  .  ECCO  22  . 64  .  1000  ... 

**«.,  **»*  <«)(«**♦.***#** VKX  “«**)•*»* 
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SET.  VANE.  1  .TO 29. 00. DEGREES - 


SET  VANE  2  TO  18.00  DEGREES 


,SET_VANE_3_TO _ 15. 00. DEGREES. 


SET  VANE  4  TO  11.00  DEGREES 

_ .HOLD  RFMC  CONSTANT  AT. A  VALUE  OF _ 5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGIN1  8.2600 

__xxxxxx*xxxxxxxxxxxxxxxxxxx*xxxxxx _ 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


SET  VANE  1  TO  27.00  OCGREES 

_ SET_VANE_2_TO _ 18 .  OOJJEGPEES _  _ 

SET  VANE  3  TO  15.00  CESREES 

_ SET.VANE.4.T0 _ 11  ..00_DEGREES_ _ _ _ _ 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  CF  76.779 

_ SURGE .MARGIN* _ S.7500 _ 

XXXXKXXXXXXXXXXKXKXXXXWXXXXKXXXXX 


XXXXXXXXXXXXKXXXXXXXXXXXXXKXXMXXX 


_ SET. VANE. l.TO 27..  00  .DEGREES _ 

SET  VANE  2  TO  16.00  DEGREES 

_  SET.  VANE.3 _TO _ 15 . 00 .  DEGREES _ 

SET  VANE  4  TO  11.00  DEGREES 

_ HOLD  RPMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  OV3  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGIN-  8. 8700 


X XXX XX XX  XX XX XXX XX XX XX XX XXX xxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


SET  VANE  1  TO  27.00  DEGREES 

_ SET  VANE  2  TO 16.00  DEGREES _ _ _ 

SET  VANE  3  TO  13.00  DEGREES 

_ SET  VANE  4  TO  ___11. 00  DEGREES _ 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

. SURGE  MARGIN*  .  9.1200  ... _ _ 
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_SET_VANE.  l.TO 27. 00. DEGREES _ 

SET  VANE  2  TO  16.00  DEGREFS 

_ SET_VANE. 3_TO _ 13.00.0EGREES _ 

SET  VANE  4  TO  9.00  DEGREES 

_ HOLD  RPMC  CONSTANT  AT_A  VALUE  OF  _ 5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGINS  9.1800 

APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 
APPROXIMATING  FUNCTION  1  IS  THE  OBJECTIVE 

DESIGN  VARIABLE  NUMBERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES 
12  3  4 

BEGIN  ITERATION  NUMBER  1 

NOMINAL  DESIGN  NUMBER  =  5 

X-VECTCR 

_ 0.27000E+02  ...  0.16000E+02-  Q.13CC0E*02  _  0.90000E+01 _ 

FUNCTION  VALUES 
0.9X200E+01 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ DELTA-X  VECTOR  .  .  . . . 

-0.2000CE  +  01  -0.200002*01  -0.20000E*01  -0.20000E+01 

X-VECTCR 

_ 0.2500CE»02  C.1400CE+02  0.11000E+02.  0.70000E+01 _ 

APPROXIMATE  FUNCTION  VALUES 
0 . lfllCOE+02 

*******».«*«  ******  *x  ******  ******** _ _ 

SET  VANE  1  TO  25.00  DECREES 

SET  VANE  2  TO  14.00  DEGREES 

SET  VANE  3  TO  11.00  DECREES 

SET  VA.NE  4  TO  7.00  DECREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLO  OVS  CONSTANT. AT  A  VALUE.OF _ 76.779 _ 

SURGE  MAR5IN=  9.6300 

*************************** ****** 

PRECISE  FUNCTION  VALUES 

_ 0.96300E+01  _ _ _ 

_ BEGIN  ITERATION  NUMBER _ 2 _ 

NOMINAL  DESIGN  NUMBER  =  6 

_ X-VECTOP _ _ _ _ _ _ _ 


0 . 25000E+02  0. 14000E+02  0.11000E+02  0.70000E+01 

FUNCTION  VALUES 

—  0.96300E+01 _ -- _ _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

OELTA-X  VECTOR 

0 . 91473E+00  -0.20000E+01  -0.20000E+01  -0.20000E+01 

_ X-VECTCR  . . . 

0 . 25915E*02  0.1200CE+02  0.90000E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 
_ 0.10109E+02  ..  .  .  .. 

««#******»**»*<*##»***)*#  ji**##*###* 


_ SET  .VANE  1  .TO _ 25.91  DEGREES _ 

SET  VANE  2  TO  12.00  DEGREES 

_ SET .VANE. 3. TO  __9.00  DEGREES _ 

SET  VANE  4  TO  5.00  DECREES 

_ HOLO  PFilC  CONSTANT  AT  A  VALUE  OF _  5567.500  _ 

HOLD  D'.S  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGIH=  9.6500 

_ *«»**##»*»*»*«»«)**•.(*»*«*»*******« 


_ PRECISE  FUNCTION  VALUES 

O.961-OOE*OI 


begin” "iteration  NUMBER  3 

NOMINAL  DESIGN  NUMBER  s  7 

x-vectc’r 

0 . 259I5E+02  0.12000E*02  0.90000E*01  0.50009E*01 

FUNCTION  VALUES _ _  ... _ 

0 . 96500E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

DELTA-X  VECTOR 
-0.12697E+01  0.30000E+01  -0.20000E*01  -0.19073E-05 


X-VECTOR 

0 . 24645E+02  0.1500CE+02  0.70000E*0!  0.50000E*01 

APPROXIMATE.  FUNCTION  VALUES  _ _ _ 
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0.10246E+02 

tt *«*««»«*»« KXttXKXXttftXXXXXXttWXXKXM 


SET  VANE  1  TO  24.65  DEGREES 

SET  VANE  2  TO  15.00  DEGREES 

SET  VANE  3  TO  7.00  OEGREES 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

NOLO  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  NARGIN=  9.8100 

ftXXKXftttttMXKtfltKttKKtfftKttflWtfyK  *«*««** 


PRECISE  FUNCTION  VALUES 
0.93100E+01 


BEGIN  ITERATION  NUMBER  4 

_ NOMINAL  DESIC-N  NUMBER  = _ 8 - _ - * - 

X-VECT03 

0 . 24645E+02  0.15000E*02  0.700005*01  0.500005*01 

FUNCTION  VALUES 
0 . 9C100E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ -0.S39I5E-03  -0 . 3369SE+00 ..  0.54903E+00_0.10737E-06 

X-VECTOR 

0 . 24644E+02  0.14613E*02  0.7540CE+01  0.500CCE+01 

APPROXIMATE  FUNCTION  VALUES 
0.93143E+01 

«»**»»******»**S»*****lfX**<<X>«»»*** 


SET  VANE  1  TO  24.64  OEGREES 

SET_VA*:E  2. TO 14.61  DEGREES _ 

SET  VANE  3  TO  7.54  DEGREES 

SET, VANE  4  T0 _ 5,00  DEGREES _ _ _ 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  .MARGINS  . _9 . 7300  _ 
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PRECISE  FUNCTION  VALUES 
0.97300E+01 


BEGIN  ITERATION  NUMBER  5 
NOMINAL  OESIGN  NUMBER  =  9 

X-VECTOR 

_ 0.24644E+02-  0.14613E*02 ...  0.75400E*01_0.50000EaOL_ 

FUNCTION  VALUES 
C.97300E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ OELTA-X  VECTOR _ _ _ _ 

0.10392E-02  -0 . 300C0E+01  -0.25400E+01  0.30000E+01 

X-VECTOR 

_ 0.24545E+02 _ 0.11613E+02 —  9.5000CE+01 _ 0.80000E+01- 

APPROXIMATE  FUNCTION  VALUES 
0.11230E+02 

_*«#****<(»**#»  **»»)•*«»««<#*»<*****#** _ 


SET  VANE  I  TO  24.65  DEGREES 

SET  VANE  2  TO  11.61  DECREES 

SET  VANE  3  TO  5. CO  DECREES 

SET~V#NE  4~TO  G.00  DEGREES 

HOLD  RPNC  CONSTANT  AT  A  VALUE  OF  5557.500 

_ HOLD  .OVS  CONSTANT.  AT  A  VALUE _Or _ 76.779 

SURGE  MARGIN:  9.S600 

*K»MX**M*X**X**Kll****»*«***KKtt*«* 


PRECISE  FUNCTION  VALUES 

_ 0.9S600E401 _ 

BEGIN. ITERATION  NUMBER _ 6 _ 

NOMINAL  OESIGN  NUMBER  =  10 

X-VECTOR _ 

0.24645E+02  0.11613E+02  0.50000E+01  0.60000E+01 

FUNCTION  VALUES 

0.9260GE+01 - 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

0.1783CE*00  0.16957E+01  0.0  -0.21006E+00 

At-VECTCR  .  -  - - -  - —  - 

0.24Q24E*02  0.13S09E+C2  0.50000E+01  0.77099E*01 

APPROXIMATE  FUNCTION  VALUES 

-  0.9G910E+01  ....  ..  - 
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##*****;***« 


_ SET-VANE -1-TO — 24.82-  DEGREES - 

SET  VANE  2  TO  13.31  OEGREES 

_ SET-VANE-3-TO _ S .  OO-DEGREES _ 

SET  VANE  4  TO  7.79  OEGREES 

_ HOLD  RFMC  CONSTANT  AT. A  VALUE  OF - 5567.500 

HOLD  DV3  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  NARGIN=  9.7100 


«N*X**»»K*K««***«**4*»»»******«** 


PRECISE  FUNCTION  .VALUES 
0.97100E+01 


BEGIN  ITERATION  NUMBER  7 

NOMINAL  OESIC-N  NUMBER  =  11 
xT-vectcr 

0 . C43C4E+02  0.13309E+02  0.50000E*01  0.77899E+01 

_ FUNCTION .VALUES _ 

0.971C0E+01 


_ RESULTS  OF  APPROXIMATE  OPTIMIZATION _ 

DELTA-X  VECTOR 

-0 . 2S304E*01  -0 . 30000E+01  O.jOOOOEtOl  0.1780SE+01 
X -VECTOR 

0 . 22243E*0Z  0.10309E+02  0.80C00E+01  0.95706E*01 

_APFROXIMATE_  FUNCTION  .VALUES _ 


O.lOlOlEtOZ 

XKXXKKXKXXMXXXXXKXXXXXXMXXX *«*»«* 


SET  VAN'S  1  TO  22.24  DEGREES 

SET  VANE  2  TO  10.31  DEGREES 

SET  VANE  3  TO  8.00  OEO-REES 

SET  VANE  4  TO  9.57  OEGREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGINS  9.9000 


<*>*#**** 


PRECIS;  FUNCTION  VALUES 
0, 99000E+C1 


86 


BEGIN  ITERATION  NUMBER  8 

_ NOMINAL  DESIGN  NUMBER -3 _ 12 - 

X-VECTCR 

0.22243E+02  0.10309E+02  0.C0000E+01  0.95733E+01 

FUNCTION  VALUES 
0. 95030E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

_ 0.1Ii31E+01_-0.3000QE*OL.  -0.59621E+00--0.80193E+00 

X-VECTCS 

0 . 23  407E  +  02  0.73083E*01  0.74038E+01  0.87689E+01 

APPROXIMATE  FUNCTION  VALUES 
0 . 99636E*01 

*»»*#).  )t::*!**«**iH(**IH<  »*»#*****#»** 


SET  VANE  X  TO  23.41  DEGREES 

_ SET. VANS  .2  .TO  7. 31.DECREES _ 

SET  VANE  3  TO  7.40  DEGREES 

_ SET.  VANE  4  TO  _  8. 77. DEGREES _ _ _ _ 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ SURGE  ..MARGIN:  _._9.8500  _ _ 

PRECISE  FUNCTION  VALUES 
0 . 9C503E+01 


BEGIN  ITERATION  NUMBER  9 

NOMINAL  DESIGN  NUMBER  =  13 


X-VECTCR 
_ 0.23407E+02 


0.73086E+01-  0 .7403BE*01--0 .87639E+0L.. 


F UNCTION  VALUES 
0 . 933C0E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ DELTA-X  VECTOR...  ..  .  . . .  . 

•  -0 . 29393E+90  0.33C00E+01  -3.74344E-01  0.21580E+00 

X-VECTCR 

_ 0.23113E+02  .  0.10309E+02. .0.73294E+01 . 0.S9G47E+01. 

APPROXIMATE  FUNCTION  VALUES 
0 . 99191E+01 

*********  *******  ***************** 


SET  VANE  1  TO  23.11  DECREES 
"SET* VANE  2  TO  10.31  DECREES 
SET  VAN'S  3  TO  7.33  DECREES 

set" vane- 4  to  a .  s'a" degrees 
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HOLD  RPUC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLD  OVS  CONSTANT  AT_A  VALUE  O' _ 76.779 

SURGE  MARGIN:  9.9000 

•«***«««***«««««x««*»«**««* »***»« 


PRECISE  FUNCTION  VALUES 
_ 0.95000E+01 _ 


BEGIN. ITER ATI0NNUM3ER _ 10_ 

NOMINAL  DESIGN  NUMBER  =  14 

X-VECTCR _ 


0.23113E+02  0 . 10309E+02  0.73294E+01  0.89847E+0I 

FUNCTION  VALUES 

_ 0.99CCGE*01 _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 


DELTA-  <  VECTOR 

0 . 99423E-01  0.64460E+00  -0.39840E-01  -0.61202E+00 

_ X-VECTOR  _  _ _ 

0.23212E+02  0. 109532x02  0.72S96E*01  0.83727E+01 

APPROXIMATE  FUNCTION  VALUES 

_ 0.990326*01..  _  _ _ _ 

*»KX«X»S<*XK»»XKXK»*X«**»XXSXXX»* 


SET.  VANE.1..TO _ 23.21  DEGREES _ 

SET  VANE  2  TO  10.95  OEGREES 

_ SET.  VANE.  3.  TO _ 7.29.0EGREES _ _ _ 

SET  VANE  4  TO  8.37  DEGREES 

_ NOLO  PFMC  CONSTANT  AT  A  VALUE  OF _ 5567.500.. 

,1CLO  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARCIN=  9.6500 

_**«*«*XX»*«**«**H»X«»*»*K*»**«**** _ 


PRECISE  FUNCTION .VALUES. 
0.9C5C0E+01 


eESIfTltERAflCNNUMBER  11 
NOMINAL  DESIGN  NUMCER  =  15 

X-VECTCR 

0.23212E*02  0.10953E+02  0.72896E+01  0.83727E+01 

FUNCTION  VALUES _ 

0.9C300E*01 
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jLESULT5„0F_APPR0XIMATE_0PTINIZATI0N 


OELTA-X  VECTOR 

0.47319E+00  -0.14892E+01  -0.22697E+00  0.30000E+01 


X-VECTCR 

0. 23685E+02  0.94642E+01  0.70626E+01  0.11373E+02 

_ APPROX  I  MAT  E_F_UNCT  I  ON  _V  A  LU  ES _ 

0.99059E+01 

#*#*****»****##****»*»****»***#»» 


SET  VANE  1  TO 

23.69  DEGREES 

SET  VANE  2  TO 

9.46  DEGREES 

SET  VANE  3  TO 

7.06  DEGREES 

SET  VANE  4  TO 

11.37  DEGREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF 

5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF 

76.779 

SURGE  MARGIN- 

9.6600 

«*****»********«**•***».>*;'»*>#**** 


PRECISE  FUNCTION  VALUES 
0 . 96G00E+01 


BEGIN  ITERATION  NUMBER  12 
_ NOMINAL  OESICN  NUMBER  =  _  J6 _ 


X-VECTCR 

0.226G5E*02  0 . 94642E  *01  0.70626E+01  0.11373E+02 

FUNCTION  VALUES 
0 . 968COE+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
CELTA-X  VECTOR 

_ :0.1175DEm__O.XOC'>6E»01_0.26895E+00_~0..30000E+01. 

X-VECTCR 

0.22510E+02  0 . 10554E *02  0.73316E+01  0.63727E+01 

appro: :iIiAT?TuNcf ioi i  v  a  Lue  s 

0 . 991 75E+01 

***it*»*l»***«lt*l»t»  *»#*##*  If  «*»#»«»** 


SET  VANE  I  TO  22.51  DECREES 

_SET_V;'NE_  2_TO _ 10.55_0ECREES _ 

SET  VANE  3  TO  7.33  DECREES 

SETJ/ANE  4  TO _ 8.37  OEGREES _ 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

JU.RCE  M'.RGIN-  _ 9.9500  _ _____ _ 
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PRECISE  FUNCTION  VALUES 
0.99500E+01 


BEGI  DERATION  NUMBER  13 
NOMINAL  DESIGN  NUMBER  =  17 

X-VECTCR 

_ 0.2251CE+02-  0.1C554E»02_  0.73316E+01— 0.fl3?Z7E*01_ 

FUNCTION  VALUES 
0.99500E*01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ DELTA-X  VECTOR _ _ _ _ _ _ 

-0.64S75E*00  0.49083E+00  -0.10047E*00  -0.17918E*01 

X-VECTOR 

_ 0.21S61E+02..  0 .11045E+02 _ 0 .72311E+01—  0.65009E*01— 

APPROXIMATE  FUNCTION  VALUES 
0.99370E+01 

_ #******4^:.vn**'«##**l*#»**«r*iHHHHHHt _ 


SET  VANE  1  TO  21.86  DECREES 

“SET  VANE  2  TO  11.04  DEGREES 

SET  VANS  3  TO  7.23  DEGREES 

SET  VANE  4  TO  ~  s753  DECREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567. S00 

_ HOLD  DV5  CONSTANT. AT  A  VALUE  OF _  76.779 _ 

SURGE  MARGIN^  10.0700 

KXXiliOr!**!*:***********###***#***##* 


FPECISE  FUNCTION  VALUES 
_  0.10070E»02 _ _ 


_ DEGIN .  ITERATION  NUMBER 14 _ _ 

NOMINAL  DESIGN  NUMBER  =  18 

_ Xr.VECTOR _ , _ 

0.21061E+02  0.11045E  +  02  0.7231IE*01  0.65809E+01 

FUNCTION  VALUES 

_  0.10070EL02 _ _ _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

-0.1642CE+01  -0 . 20345E+00  -0. 767G4E+00  -0.15309E+01 

_ X-VECTCR  .  . . . . . .  ..... 

0 . 20219E+02  0 . 10841E+02  0.64633E+01  0.50000E*01 

APPROXIMATE  FUNCTION  VALUES 

_  0.10127E*02  .  .  _ 

**»*’'k>*<<K«*«**>t*K««*#«<f«L«*>K«*** 
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_ SET  .VANE  1.  TO _ 20. 22  DEGREES _ 

SET  VANE  2  TO  10.84  OEGREES 

_ SET_VA!!E_  3  _TO _ 6  .46..DEGREES _ 

SET  VANE  4  TO  5.00  OEGREES 

_ HOLD  RPMC  COfJSTAHT  AT  A  VALUE  OF _ 5567.500 

HOLD  0V5  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGIN1  10.2200 


PRECISE  FUNCTION  VALUES 
0.10220E+02 


BEGIN  ITERATION  NUMBER  15 
NOMINAL  DESIGN  NUMSER  =  19 


X-VECTCR 

0 . 20219E*02  0 . 10641E+02  0.64633E*01  0.50000E+01 

FUNCTION  VALUES _ 

0 .  1C220E+02 


PESULTS  OF  APPROXIMATE .OPTIMIZATION _ _ _ 

OELTA-X  VECTOR 

-0.1'iC43E*01  -0.19052E+00  -0.14633E+01  0.0 


X-VFCTCR 

0.1C734E»02  0.10t>51E*02  0.50000E+01  0.50000E+01 

APPROXIMATE.  FUNCTION  VALUES _ _ _ 


0 . 10249E*02 

*************  *********** 


SET  VANE  1  TO  13.73  OEGREES 

SET  VANE  2  TO  10.65  DECREES 

SET  VAME  3  TO  5.00  OEGREES 

SET  VANE  4  TO  5.00  DECREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  M'.RCIN-  10.2500 

****** X*  ***»**#*#*<(*  ***#*>t*i»»***» 


PRECISE  FUNCTION  VALUES 
0 . 10250E+02 
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BEGIN  ITERATION  NUN3ER  16 

.NOMINAL  DESIGN  NUMBER  =  __  20 _ 

X-VECTCR 

0 . 13734E+02  0.10651E+02  0.5000CE+01  0.50000E+01 


FUNCTION  VALUES 
0.10250E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ rO .  30376E*00  0.76676E-01  0.0 _ -0.13762E-06 _ 

X-VECTCR 

0.16*31E*02  0 . 10727E+02  0.50000E+01  0.50000E+01 


APPROXIMATE  FUNCTION  VALUES 
G. 1C251E+02 


SET  VANE  1  TO  13.43  DEGREES 

SET  VANc  2  TO  _ 10 . 73. DEGREES _ 

SET  VANE  3  TO  5.00  DECREES 

SET  VANE  4  TO _ 5.00  DEGREES _ _ 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CGMSTANT  AT  A  VALUE  Cr  76.779 

SURGE  MARGINS  .  10.2200  _  __  _ 

PRECISE  FUNCTION  VALUES 
C.1C220E»02 


BEGIN  ITERATION  NUMBER  17 
NOMINAL  DESIGN  NUMBER  =  21 

X-VECTCR 

_  0 .  IS  *31E*02  0 . 107C7E  +  02  0 ,50000E+01_  0 -50000E+01_ 

FUNCTION  VALUES 
0. 1022CE+C2 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ OELTA-X. VECTOR . . .  .  _ 

0 . 5038 3E*00  -0.12569E-01  0.31959E-02  0.0 

X-VECTCR 

_ 0 . 1S937E+02  0 .10715E»02._0.50032E+01_ . 0.50000E401 _ 

APPROXIMATE  FUNCTION  VALUES 
0 . 10223E*02 

* **<<■■( <**'-« *»\*  <* i »««••>•»« »>**«*«• _ _ _ _ _ 

SET  VANE  1  TO  18.94  DECREES 
SEFVANE  2  TO  10.71  DECREES 
SET  VANE  3  TO  5.00  OEGPEES 

SET  VANE  4  TO  5.00  DECREES 
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HOLO  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLD ,OVS_  CONSTANT_AT  A  VALUE_OF _ 76.779 _ 

SURGE  MARGIN:  10.3000 

««»«*»**««*«»*«*****««»•»««•»»•*• 


PRECISE  FUNCTION  VALUES 
_ qao300E*02 _ 


FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 

NOMINAL  DESIGN  NUMBER  =  22 

X-VECTOR 

0 . 16537E+02  0.10715E«02  0.50032E+01  0.50000E+01 

_ FUNCTION  VALUES _ ...  - - - 

0 . 103COE+02 

RESULTS  OF  APPROXIMATE  ANALYSIS/OPTIMIZATION 


_  TITLE . .  .  -  -  -  -  -  - 

*»l>*«***»«*»*»»KXK»*****««***«XK****«*»«*K*«*«tt*«**l>*))< 


GLOBAL  LCCATICNS  OF  X-VARIABLES 
12  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS,  F(X) 
6 


APTRC'CNATION  IS  BASED  CM  22  DESIGNS 
NOMINAL  DESIGN  IS  DESIGN  NUMBER  22 
VALUES  OF  X-VARIABLES 

0.1S34E+02  0.1071E+02  0.5003E*01  0.50C0E«0I 


VALUES  CF  FUNCTIONS,  F(X) 
0. 1030E»02 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 


PARAMETER  1  =  GLOBAL  VARIABLE  6 
LINEAR  TERMS,  DEL  F 

.  -0.1099E-01  -0 .2025E-C2 ._  -0.1383E-01  _-0.263CE-01 _ 


NON-LINEAR  TEFMS,  H,  PIGININ3  WITH  DIAGONAL  ELEMENT 


RCAI  1 

-0.19.5E-01 

PflU  2  _  ....  _ 

-0.112CE-01 

PCN  3 

-0.1A10E-02  .  _  .  _ 

PCI!  4 

-0.62I2C-02 
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A0-A119  379  PRATT  AND  WHITNEY  AIRCRAFT  GROUP  WEST  PALM  BEACH  FL  6— ETC  F/6  21/5 

OPTIMIZATION  OF  COMPRESSOR  VANE  AND  BLEED  SETTINGS.  USER'S  MANU— ETC(U) 
JUN  81  J  E  GARBEROGLIO.  J  0  SONG  F33615-79-C-2013 

UNCLASSIFIED  PWA-FR-13996  AFWAL-TR-82-2078  NL 


OPTIMIZATION  RESULTS 


_ OBJECTIVE  FUNCTION . . . . . . . 

GLOBAL  LOCATION  6  FUNCTION  VALUE  0.10300E*02 


DESIGN -VARIABLES - 

0.  V.  GLOBAL  LOWER  UPPER 

ID  NO.  VAR.  NO.  BOUND  VALUE  BOUND 

_ 1 _ 1 _ 1 - 0.10000E+02 _ 0. 189376*02 _ 0.35000E+02 _ 

22  2  O.SOOOOE+Ol  0.10715E+02  0.25000E+02 

33  3  O.SOOOOE+Ol  0.50032E+01  0.25000E+C2 

44  4  0.50000E+C1  0.50030E+01  0.25000E+02 


FINAL  SOLUTION  VALUES  ««#«**#« 


VANE  ANGLE  FOR  VANE  1  IS  18.94  DEGREES 

_ yAHE..ANGLE-FOR  .VANE  .2  -  IS _ 10.71  DEGREES 

VANE  ANGLE  FOR  VANE  3  IS  5.00  DEGREES 

_ VANE_ ANGLE. FOR  VANE  4  IS _ 5.00-DEGREES 

SURGE  MARGIN1  10.3000 

_ RPMC  WAS  HELD  CONSTANT  AT _ 5567.50 _ 

DVS  WAS  HELO  CONSTANT  AT  76.78 

PROGRAM  CALLS  TO  ANALIZ 
ICALC  CALLS 


STATOR  VAME  OPTIMIZER 
««»*«*«»«* »«»****«** 

PROTOTYPE  SOFTWARE  CAPABLE  OF  GUIDING .THE  OPTIMIZATION  OF. 
STATOR  VANE  AND  BLEEO  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 


"PREPARED  FOR'  THE  AIR' FORCE  AERO  PROPULSION ' LABORATORY 

UNDER  CONTRACT  F33615-79-C-20I3 

BY:' PRATT  A  WHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  PRODUCTS  OIVISICN 


PLEASE  HIT  RETURN  TO  VIEW  OPTIMIZATION  GOAL  MENU 


I  OPTIMIZATION  CONDITIONS  I  CONSTRAINTS  I 


NO 

I 

GOAL 

I 

RFMC 

NC 

PR 

CVS 

O.L. 

I 

S.M. 

I 

EFF. 

I 

1 

I 

EPF 

I 

X 

- 

- 

X 

I 

• 

I 

mm 

I 

A 

1m 

I 

EFF 

I 

X 

- 

- 

- 

X 

I 

- 

I 

- 

I 

3 

I 

SFF 

I 

• 

X 

X 

- 

- 

I 

- 

I 

- 

I 

4 

I 

EFF 

i 

X 

- 

- 

X 

- 

I 

MIN 

I 

- 

I 

5 

I 

EFF 

i 

X 

- 

- 

- 

X 

I 

MIN 

I 

- 

I 

6 

I 

EFF 

I 

- 

X 

X 

- 

- 

I 

MIN 

I 

- 

I 

7 

I 

S.M. 

i 

X 

- 

- 

X 

- 

I 

- 

I 

- 

I 

8 

I 

S.M. 

I 

y. 

- 

- 

- 

X 

I 

- 

I 

- 

I 

9 

I 

S.M. 

i 

- 

X 

X 

- 

- 

I 

- 

I 

- 

I 

10 

I 

S.M. 

I 

X 

- 

- 

X 

- 

I 

- 

I 

MIN 

I 

11 

I 

S.M. 

I 

X 

- 

- 

- 

X 

I 

- 

I 

MIN 

I 

12 

I 

S.M. 

I 

- 

X 

X 

- 

- 

I 

- 

I 

MIN 

I 

13 

I 

SM/ELD 

I 

X 

X 

- 

- 

- 

I 

- 

I 

- 

I 

14 

I 

MAX  NC 

I 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

15 

I 

MIN  WC 

I 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

16 

I 

r? 

I 

X 

X 

- 

- 

- 

I 

MIN 

I 

MIN 

I 

_ 17  I  PR  I  X  -  -  -  X  I  KIN  I  MIN  I _ 

YOU  HAVE  SELECTED  TO  CPflHIZE  EFFICIENCY  HOLDING 

CORRECTED  SPEED  (RFMC )  AND  DISCHARGE  VALVE  SETTING  CDVS)  CONSTANT 

WiiiLE  'CONSTRAINING  SURGE  MARGIN  TO  A  MIKIN'XI  VALUE 
NOLO  RF.:C  CONSTANT  AT  5567.500 


HOLD  CVS  CONSTANT  AT  76.779 
OPTIMIZING  4  VAN'S  AN3LE(S)_ 

"LCNiR  BOUND  FOR  VANE  1  13  "10. 000 ' 
DO  YOU  AGREE?  (Y/N) 

LCNTR  BOUND  FOR  VANE  2  IS  5.000 
DO  YOU  AGREE?  (Y/N) 

'LONER  BOUND  FCR  VANS '3  13  "  5.000" 

CO  YC’J  AGREE?  (Y/N) 

LONER  BOUND  FCR  VANE  4  IS  5.000 
00  YOU  AGREE?  (Y/N)  _ 

"UPPER  BOUND  FUR  VANE  l"lS  "35.000 
CO  YOU  AGREE?  (Y/N) 

U^FER  ECUND  FOR  VANE  2  IS  25.000 
CO  YCU  AGREE?  (Y/N) 


UPPER  BOUNC  FOR  VANE  3  IS  25.000 
00  YOU  AGREE?  (Y/N) 

UPPER  EDUND  FOR  V/HE  4  IS  25.000 
DO  YOU  AGREE?  (Y/N) 


LONER  BOUND  VALUE  FOR  SM  IS  10.000 
UPPER  SOUND  VALUE  FOR  SM  IS  IOC 3. COO 

INCREMENTAL  VANE  ANGLE  VALUE  FOR  INITIAL  VANE  SETTING  IS  -2.00 
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TITLE: 


CONTROL  parameters; 

CALCULATION  CONTROL,  KCALC  *  6 
NUMBER  OF  GLC3AL  OESICN  VARIABLES,  NOV  =  _  4 
NUSER  OF  SENSITIVITY  VARIABLES,  NSV  =  0 
NUMBER  OF  FUNCTIONS  IN  TliO-SPACE,  N2VAR  =  0 
NUMBER  OF  APPROXIMATING  VAR.  NXAP3X  =  4 
INPUT  INFORMATION  PRINT  COOE,_  IPNPUT  =  _  1 
OCEUS  PRINT  CODE,  ""  I  POES  =  0 


CALCULATION  CONTROL,  KCALC 
VALUE  MEANING 

1  SIN3LE  ANALYSIS 

2  OPTIMIZATION 

_  3  SENSITIVITY 

4  -  TMO-VARIABLE  FUNCTION  SPACE 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


«  *  OPTIMIZATION  INFORMATION  _ 

GL03AL  VARIABLE  NUMBER  OF  OBJECTIVE  =  7 

MULTIPLIER  CNESATIVE  INDICATES  MINIMIZATICN)  =  O.IOOOE+Ol 

CO!!MIN  PARAMETERS  (IF  ZERO,  CCNillN  DEFAULT  HILL  OVER-RIDE > 

I PRINT  ITMAX  ICNOIR  NSCAL  ITRM  LINCBJ  NACMXX  NFDG 
_S_ . . 20 _ 5 _ 0  _  3  _  0 _ 10  _ 0 

FDCH  FQCiiM  CT  CTMIN 

0 . 10003E-01  0.1030CE-02  -0.50000E-01  0.40C00E-02 

"CTL  .  ‘  CTLMIH  .  THETA .  PHI 

-0.1COOOE-O1  0.10000E-02  0.10000E+01  0.0 

DELFUN  _ DABFUN  _ _ ALFHAX  _  ABCBJX 

~0.10GC0E-02'  0.0  0.10000E+00  O.IOOOOE+Od" 

OESICN  VARIABLE  INFORMATION 


NOll-ZcRO  INITIAL  VALUE 

KILL  OVER-RIOE 

MODULE  INPUT 

D.  V. 

lo.:er  ' 

UPPER 

'  INITIAL 

NO. 

BOUND 

BOUND 

VALUE 

SCALE 

X 

0.1000CE+02 

0. 350C0E*02 

0.27000E+02 

0.0 

2 

0.500CCE+01 

0 . £50005+02 

0.16000E+02 

0.0 

3 

0.5000CE+01 

0.2S000E+02  — 

0.13000E*02 

0.0 

4 

0.50000E+01 

0.25000E+02 

0.90000E+01 

0.0 

.  Design  variables  ”  _ ' 

D.  V.  GLOBAL  MULTIPLYING 
ID  NO.  VAR.  NO.  FACTOR 
_ 1_ _ 1 _  X _ 0.10000E+01 

22  2  0.10000E*01 

33  3  O.IOOOOE+OX 

44  4  0.10000E+01 


CONSTRAINT  INFORMATION 

_THERE  ARE  1  CONSTRAINT  SETS  .  __  _ 

GLOBAL  GL03AL  LINEAR  LONER  NORMALIZATION"  UPPER  ~  NORMALIZATION 

10  VAR.  I  VAR.  2  ID  BOUND  FACTOR  BOUND  FACTOR 

i  *  «  0  0.10000E+02  O.1C00CE+02  0.10000E+04  0.10000E+04 

TOTAL  N-JMSER  OF  CONSTRAINED  PARAMETERS  «  i  ‘  . 
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*  ^APPROXIMATE  ANALYSIS/OPTIMIZATION  INFORMATION 


NUMBER  OF  FUNCTIONS  APPROXIMATED,  NF  a 


NUMDER  OF  INPUT  X-VECTC3S,  _  NPS  * 
NUMBER  OF  INPUT  X-F  PAIRS,  NPFS  s 
X-VECTOR  FROM  ANALIZ,  NPA  = 
NOMINAL  DESIGN,  INOM  a 
READ  UNIT  FOR  X-VECTORS,  _  _  ISCRX  = 
READ  UNIT  FOR  X-F  PAIRS,  '  ISCRXF "s' 
FRINT  CONTROL,  IPAPRX  a 


0 

5 

0 

0 

0 

5 

5 

1 


MINIMUM  APPROXIMATING  CYCLES,  KMIN  a_  5 
MAXIMUM  APPROXIMATING  CYCLES,  KMAX  a  17 
MAXIMUM  DESIGNS  USED  IN  FIT,  NFMAX  a  28 
NOMINAL  DESIGN  PARAMETER,  JNCM  a  28 
X- LOCATION  IMFUT  PARAMETER,  INXLCC  =  __  0 
F- LOCATION  INPUT  PARAMETER,  INFLOC  a  0 
TAYLER  SERIES  I.D.  CODE,  MAXTRM  a  2 


OELTA-X  BOUNDS  FOR  APPROXIMATE  OPTIMIZATION . 

0.2000E+01  0.2000E+01  0.200CE+01  0.2000E+01 

MULTIPLIER  ON  OELX,_  _  XFACT1  =  0.1500E+01 

MULTIPLIER  ON  DSLX,  ~  ~  XFACT2  a  0.2000E*01 


GLOBAL  LOCATIONS  OF  X-VARIABLES 
1  '  2  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS 
7  6 


X-VECTORS  INPUT  FROM  UNIT _ 5 


NUMDER  I  DESIGN  I 

0.290CE+02  _0.l390E+02_  0.1500E»02  0.1100E+02_ 


NUMBER  2  DESIGN  2 

JK270CE+02  0.1800E*C2  0.1500E+02  0. 11005+02 

NUMBER  3  DESIGN  3 

.0.27C0E+02  .  0.1600c+02._  0.1500E+02  .0.1109E+02 


NUMDER  4  DESIGN  4 

0.2700E+02 _ 0.1600E+02  0.130CE+02  .  0.1100E+02 


NUNEER  5  DESIGN  5 

0.27005*02  _  0.1600E+02  _  0.1300E+02  ...0, 9000E+01 


«’«  ESTIMATED  DATA  STORAGE  REQUIREMENTS  " 

REAL  INTEGER 

_ INPUT..  EXECUTION  .AVAILABLE  . _  INPUT  EXECUTION  _ AVAILABLE 

37  335  5000  26  71  1000 


SET' VANE  1  TO  29.00  DEGREES 
SET  VANE  2  TO  10.00  DEGREES 
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SET- VANE_3  TO  15.00  OEGREES 

SET  VANE  4  TO  11.00  OEGREES 

HOLD  Rr.lC  CONSTANT ~AT  A  VALUE  OF  5567~.50b 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  87.1400 

SURGE'  MARGIN*  8".'2660 

**#*X###K)Ht**)**»)*  »#«##»***#»*»#*# 

*WK*KNKXXX**K*tt*«»K*»*«X»»X*XK»** 

SET  "VANE""  1~ T 0  27.b(TbEGREES 

SET  VANE  2  TO  18. CO  DEGREES 

SEf- VANE'S  TO'  15.00  DEGREES 

SET  VANE  4  TO  11.00  DEGREES 

HOLD  P rilC  CCNSTAJ.’T- AT *A  VALUE  OF  5567.506" 
HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  87.3200 

SURGE'  MARGIN*- ~8.'75C0 

SET  VANE  1  TO  27.00  DEGREES 
SET  VANE  2  TO  16.00  DEGREES 
"  SET  VANS  3  TO  15.00  DECREES  ' 

SET  VANE  4  TO  11.00  OEGREES 


hold  nr::c  constant  at  a  value  of  "  5567. soo 

HOLD  DY3  CONSTANT  AT  A  VALUE  CF  76.779 

EFFICIENCY*  87.2400 


SURGE  MARGIN*  ~  8.8700 

«X«)iXX»XHXl»**««;tN*«¥X*X**«MX«WX»* 

SET' VANE  1  TO  27.00  DEGREES . . 

SET  VANE  2  TO  16.00  DEGREES 

SET' VANE  3  TO  13.00  DEGREES 

SET  VANE  4  TO  11.00  DEGREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  67.2800 

SURGE  MARGIN*  9.12C0  "" 

ttfflHIIMMtVMIHMMtfflGMIHtlttflHHHtXllffXffXMHI 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX* 
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Set" 'Jams'  i'  to  27.00  degrees 

SET  VANE  2  TO  16.00  DEGREES 

SET”  VANE "3  TO  13: 00  OEGREES 

SET  VANE  4  TO  9.00  OEGREES 

Hold ‘ rpmc  const  antata  value  of  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY2  S7.3300 

~ SURGE ' MARGIN2  9 .160  0 

APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 

APPROXIMATING  FUNCTION  1  IS  THE  03JECTIVE 

APPROXIMATING  FUNCTIONS  ASSOCIATED  WITH  CONSTRAINTS 
2 

DESIGN  VARIABLE  NUMBERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES 
12  3  4 


BEGIN  ITERATION  NUMBER  1 

_ NOMINAL  DESIGN  NUMBER  =  5  . . . . 

X-VECTCR 

0.27C50E+02  0.16000E+02  0.13000E«02  0.90000E*01 

“'  FUNCTION  VALUES 

0.07330E+02  0.91800E+01 

“"RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

_ -0.20300E+01  -0.30343S+00  -0.20000E*01_-0.20000E*01 

X-VECTCR 

0.25000E+02  0.15697E+02  0.11000E+02  0.70000E*01 

APPROXIMATE  FUNCTION  VALUES  "  . . 

0.675S6E*02  0.999C2E+01 

SET  VANE  1  TO  25.00  OEGREES 

_ SET_  VANE  .2.  TO _ 15 .70  OEGREES _ 

SET  VANE  3  TO  11.00  DEGREES 

_ SET  VANE  4  T0 _ 7.00  DEGREES _ 

HOLD  RPfiC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ EFFICIENCY*  67.5100  _ _ _ 

SURGE  MARGIN*  9.6100 

WHWWMMMMWMHHHHHHHHHHWIHtlHt  _  _ _ 

PRECISE  FUNCTION  VALUES  __  _ 

0.87310E+02  O.961C0E+O1 
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BEGIN  ITERATION  NUMBER  2 
NOMINAL  DESIGN  NUMBER  *  6 

X-VECTCR 

0.25000E+02  0.15697E+02  0.11000E+02  0.70000E+01 

FUNCTION  VALUES  _ 

"  0.87510E+02  0.96100E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION _ _ 

OELTA-X  VECTOR 

-0.46S31E+00  -0.20C00E+0I  -0.20000E+01  -C.17435E+01 


X-VECTOR  . .  . " 

0.2C331E+02  0.13697E*02  0.90000E+01  0.52565E+0I 

_ APPROXIMATE  FUNCTION  VALUES  _  _  _ 

0.87326E*02  O.lCCOOE+02 


SET' VANE  VTO  24lS3  DEGREES 

SET  VANE  2  TO  13.70  DEGREES 

SET" VANE  3  TO  9.00  DECREES 

SET  VANE  4  TO  5.26  DEGREES 

HOLO  RFI  :c  CONSTANT  at" A  VALUE  of  5567".  500 

HOLD  0V3  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  87.34C0 

“  jJRSE*  MARGIN*  9.8000 

KKKXtftfyXtfKIHHMHHtfcllXXIiStMiSVfcXIHMHHf 


PRECISE  FUNCTION  VALUES 

_ 0.87340E*02_  C.9800CEf01 _ 

_ BEGINITERATION  NUN3ER _ 3 _ 

NOMINAL  DESIGN  NUMBER  *  7 

X-VECTC?  _ 

0.24331E«02  9. 13697E+02  0:9000CE+0i  0.52565E+01 

FUNCTION  VALUES 

_ 0.87340E*02  0.93000E*01 _ 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 
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DELTA-X  VECTOR 

-0.97002E+00  0.30000E+01  -0.20000E+C1  -0.25652E+00 

X-VECTOR 

0.23361E+02  0.16697E+02  0.70000E*01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

0.87753E*02  0.999995*01  .  _ 

Ittttktti********  *#«*»»**** 


SETJ/ANE  1  TO.  _  23.56  DEGREES _ 

SET  VANE  2  TO  16.70  DEGREES 

_ SET. VANE  3  TO  7.00  DEGREES  ....  _ 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  RritC  CONSTANT  AT  A  VALUE  OF  _  5S67.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  07.3500 

_ SURGE  MARGIN^  9.83C0  . . . 

«**»**««  **««*«*» 


PRECISE  FUNCTION  VALUES 
0.87350E+02  0.933CCE+01 


BEGIN  ITERATION  NUMBER  4 
NOMINAL  OESICN  NUN3ER  =  ~  3 

X-VECTCR 

_ 0.27561E*0C  0.*6697E*02  C.70000E+01 _  0.50000E+01 

FUNCTION  VALUES 

0.87330E*C2  Q . 9C300E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

OELTA-X  VECTOR 

0.1I235E+01  -0.U535E*01  -0.41264E+00  0.18275E-06 

X-VECTOR 

_ _ C.2**A67E*02  0.15538E+C2  0.65874E*01_0.50000E*01 

. ’PROXIMATE  FUNCTION  VALUES 
.87100E*02  0.99007S+01 

*»«*»*.*»*»*  »»!**;»**  ******»**««»*»* 


SET  VANE  1  TO  24.67  DEGREES 
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SET  VANE  2  TO  15.54  DEGREES 


SET  VANE  3  TO  6.59  DEGREES 

SET  VANE  4  TO  5.00  DEGREES 

HOIO  PFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ NOLO  DVS  CONSTANT  AT  A  VALUE  OF  _  76.779 

EFFICIENCY^  67.2900 

SURGE  MARGIN:  9.8300 

"Si******  ************  »***»■•****»*** 


F3ECISE  FUNCTION  VALUES 
0.87290E+02  0.9S3C0  E*01 


BEGIN  ITERATION  NUMBER  5 

NOMINAL  DESIGN  NUM3ER  = _ 9 _  _ 

X-VEC7CR 

0 . 24667E+02  0.15533E+02  0.65374E«01  0.50000E«01 

'FUNCTION  VALUES  . 

0.87C90E+02  0.9830CE+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ -0.93231E+00  0.40022E-0I _ 0.70299E+00  0.37014EO0 

X-VECTCR 

0.23734E*02  0.1557CE+02  0.72904E+01  0.53701E+01 

APPROXIMATE  FUNCTION  VALUES' 

0.871CEE+G2  C.10033E+02 

*******  xh*k  ****** a*************** 


SET  VANE  1  TO  23.73  DEGREES 

SET  VANE  2  TO _ 15.53  DEGREES _  _ 

SET  VANE  3  TO  7.29  DEGREES 

SET  VANE  4  TO  5.37  OEGREES _ _ 

HOLD  PFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY* _ 87.3900  _  _ _ 

SURGE  MARGIN*  10.0000 


******* ************************* 
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»»W«W»MW 


PRECISE  FUNCTION  VALUES 
0 . 87390E+02  0.1000CE402 


BEGIN  ITERATION  NUMBER  6  .  " 

NOMINAL  DESIGN  NUMBER  a  10 

X-VECTC.R  . 

0.23734E+02  0.155785+02  0.72904E+01  0.53701E+01 

FUNCTION  VALUES 

0.87390E+02  0.10000E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 


DELTA-X  VECTOR 
-0.30000E+01  0.3000CE+01  0.18914E+01  0.30000E+01 

X-VEC1CS  . 

0 . 20  734E+02  0.1857eE+02  0.9181EE+01  0.83701E+01 

_ APPROXIMATE  FUNCTION  VALUES 

0.87247E+02  0.1C666E+C2 

* ******»*#»*«*  »*#x**>«x**kk>;»#**** 


SET  VANE  1  TO  20 .73  DEGREES 

SET  VANE  2  TO  18.58  CEERSES 

SET  VANE  3  TO  9.10  DEGREES 

SET  VANE  4  TO  8.37  DECREES 

HOLD  R-;;C  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFF7 ’  i_i  2Y=  37.2200 

SURGE  MARGIN^  9.7200  ~ 

«*«*««»!*  if  x*»»****x  ****)fx*);*in*)t!f»* 


PRECISE  FUNCTION  VALUES 
0.87220E+02  0.97203E+01 


BEGIN  ITERATION  NUMBER  7 _ _ _ 

NOMINAL  DESIGN  NUN3ER  =  11 

X-VSCTOR 

0.20734E+02  0.18576E+02  0.91818E+01  0.83701E+01 

FUNCTION  VALUES 

0.87220E+02  0.97200E+01 


RESULTS  OF  APPROXIMATE  OPTINIZATION 
DELTA-X  VECTOR 

0.13537E+01  -0.30000E+01  -0.45008E+00  -0.17061E+01 
X-VECTCR 

0.22333E+02  0.15578C+02  0.87317E+01  0.66640E+01 


APPROXIMATE  FUNCTION  VALUES 
0.87309E+02  0.99692E+01 

XXXXXIHitlXKS  »<»*«;(***»«** 


_ SET  VAME  1  TO_  22.09  DEGREES _ _ 

SET  VANE  2  TO  15.58  DEGREES 

_ SET  VANE  3  TO _ 8.73  DEGREES  _ 

SET  VANE  4  TO  6.66  DEGREES 

_ HCLO  rtFMC  CONSTANT  AT  A  VALUE  OF _  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF'  ~  76.779 

EFFICIENCY®  87.4003 

_ SURGE  MARGIN®  9.8100  _ 

««««**  ***tf«»»***«»****K«V*«**ll*** 


PRECISE  FUNCTION  VALUES 
0.87400E+02  C.93103E+01 


BEGIN  ITERATION  NUM3ER  8 

NOMINAL  DESIGN  NUMBER  =  ""  12  . 

X-VECTC3 

0.220C8E+C2  0.15570E+32  0.87317E»01  0.66640E+01 

FUNCTION  VALUES 

0.67400E+02  0.93100E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

'  0.94308EM10  0.56411E+00  -0.3I326E+00 “  0.64617E+00  " 

X-VECTCR 

_ 0.23031E+02  O.I6142E+02  0.84184E+01  0.73102E*01 

APPROXIMATE  FUNCTION  VALUES 
0.87343E*02  0.99064E+01 


SET  VANE  1  TO  £3.03  DEGREES 

SET  VANE  2'  TO  "16.14  DEGREES 

SET  VANE  3  TO  0.42  DEGREES 

SET  VANE  4  TO'  ~  7.31  DEGREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY®  87.45C0 

SURGE  MARGIN®  9.9100 


PRECISE  FUNCTION  VALUES 
0.874S0E+02  0.99183E+01 
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BEGIN  ITERATION  NUMBER 


9 


NOMINAL  OESIGN  (IUN3ER  = _ 13 _ 

X-VECTOR 

0.23331E+02  0.16142E+02  0.84184E+01  0.73102E+01 

"FUNCTION  VALUES 

0.87450E*02  0.99100E+01 


RESULTS' CF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

0.66503E+30  -0.73410E+00  -O.lCOCOE-fQl  0.93294E+00 
X-VECTCR 

0 . C3696E+02  0.154C2E+02  0.74184E+01  0.82431E+01 

APPROXIMATE  FUNCTION  VALUES 
0.87436E+02  0.1C003E+02 

«#»*  ***»•*<(• 


SET  VANE  1  TO  23.70  DEGREES 

SET  VANE  2  TO _ 15.41  DEGREES 

SET  VANE  3  TO  7.42  DEGREES 
SET  VANE  4  TO  8.24  DEGREES 


HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  CF  76.779 

EFFICIENCY  87.3900 

SURGE  MARGINS  9.9000 

***•'(  )•  x*x  *»»«<  •:  »*  xx  x  v. 


PRECISE  FUNCTION  VALUES 
'.37390E+02  0.950Ci0c  +  01 


FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 

NOMINAL  CESIGN  NUMSER  =  10 

X-VECTOO 

0.23734E+C2  0.1557SE+02  0.72904E+01  0.53701E+01 

FUNCTION  VALUES  . .  . 

O.STI^OE+OC  0 . 10000E+02 


RESULTS  OF  APPROXIMATE  ANALTSIS/CPTIMIZATION 


««»*X  ***iw'*»«****X*««*»>l«lHHt)M»X****«  »*»»»*«  »»*#*»*#*«*«**** 


'  GLOBAL  LOCATIONS  07  X-VARIA3LES 
12  3  4 


GLOBAL  LOCATIONS  OF  FLECTIONS,  FIX) 
7  6 


APPROXIMATION  IS  BASSO  ON  14  DESIGNS 
NOMINAL  DESIGN  IS  DESIGN  NUMBER  10 
VALUES  OF  X-VARIACLES 

0.2373E+02  0.1558E+02  0.7290E+01  0.5370E+01 


VALUES  OF  FUNCTIONS,' F(  X ) 
0.8739E+02  0.1000E+02 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 


PARAMETER  i  S  GLOBAL  VARIABLE  7" 

LINEAR  TERMS,  CEL  F 

_ JK1275E-01 _ 0.2707E-G1 _ 0.3280E-01 _ 0.2149E-01 


NOII-LINEAR  TERMS,  H,  BESINING  WITH  DIAGONAL  ELEMENT 

ROW  1 

-0.2542E-01 

RON  2 _ 

-0.243i.E-dI 

ROW  3 

-0.4392E-02  _  _ 


ROW  4 

-0.1624E-01 


PARAMETER  2  =  GLOBAL  VARIABLE  6 
LINEAR  TERNS,  DEL  F 

'  -0.5497E-01  -0 . 9764E-02  -0.2890E-01  -0.2S37E-01 


NCN-LINEAR  TERMS.  H,  S’GINI.S’G  WITH  DIAGONAL  ELEMENT 


RON  1 

-0.4I94E-01 

rc:i  2 

-0.3137E-0I 

PC’.I  3 

-0'.I43CE-01 

RCN  4 

0.5455E-02 
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OPTIMIZATION  RESULTS 


OBJECTIVE  FUNCTION  _ 

GLOBAL  LOCATION  7  FUNCTION  VALUE  0.B7390EA02 


DESIGN^  VARIABLES _ _ _  _  _ 

0.  V.  GLOBAL  LONER  UPPER 

10  NO.  VAR.  NO.  BCUttO  VALUE  BOUND 

_ 1_  _ 1 _ 1  _  0. 100002*02  0.23734E+02  0.35000E+02 

22  2  0.50000E+01  0.15578E+02  0.2E000E+02 

33  3  0.50000E+01  0.72904E+01  0.25000E+02 

44  4  C.500CCE+01  0.53701E+01  0.25000E+02 


DESIGN  CONSTRAINTS 


] 


GLOBAL  '  LOWER  •  UPPER’ 

10  VAR.  NO.  SOUND  VALUE  BOUND 

1  6  0.10000E+02  0.1000CE+02  0.10000E+04 


I 


«**##****  FINAL  SOLUTION  VALUES  **«**»*# 


> 

* 

I 

I 

I 

I 

I 

I 

I 


VANE  ANGLE  FOR  VANE  1  IS  23.73  DEGREES 

VANE  ANGLE  FOR  VANE  2  IS _ 15.58  DEGREES 

VANE  ANGLE  FOR  VANE  3  IS  7.29  DEGREES 

VANE  ANGLE  FOR  VANE  4  IS _ 5.37  DEGREES 

EFFICIENCY*  87.3900 
SURGE  MARGINS  10.0000 


PP-IC  WAS  HELD  CONSTANT  AT  5567.50 

DVS  WAS  HELD  CONSTANT  AT  76.78 


PROGRAM  CALLS  TO  ANALIZ 

ICALC  CALLS 
_ 1  _  1 _ 

2  14 

3  1 
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STATOR  VANE  OPTIMIZER 
»•«»«»*«««•« 

_ PROTOTYPE- SOFTWARE  CAPABLE  OF  GUIDING  THE  OPTIMIZATION  OF  - 

STATOR  VANE  AND  BLEEO  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 

~  PREPARED  FOR  THE  AIR  FORCE  AERO  PROPULSION  LABORATORY 

UNDER  CONTRACT  F33615-79-C-2013 

~ BY:  PRATT  A  WHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  PRODUCTS  DIVISION 


PLEASE  HIT  RETURN  TO  VIEW  OPTIMIZATION  GOAL  MENU 


I  OPTIMIZATION  CONDITIONS  I  CONSTRAINTS  I 


NO  I 

GOAL 

I 

RPNC 

UC 

PR 

DVS 

O.L. 

I  S.M. 

I  EFF 

I 

1  T 

EFF 

.1 

X 

_ 

__X  ... 

_ 

I 

I 

I 

2  I 

EFF 

I 

X 

- 

- 

X 

I  - 

I  - 

I 

3  I 

EFF 

1 

- 

X 

X 

- 

- 

I  - 

I  - 

I 

4  I 

EFF 

I 

X 

- 

- 

X 

- 

I  MIN 

I  - 

I 

5  I  FFF 

I. 

X 

_ 

w 

X 

I  MIN- 

I  -- 

.1 

6  I 

EFF 

I 

X 

X 

. 

1  MIN 

I  - 

I 

7  I 

S.M. 

I 

X 

- 

- 

X 

- 

I  - 

I  - 

I 

8  I 

S.M. 

I 

X 

- 

- 

- 

X 

I  - 

I  - 

I 

9  I 

S.M. 

I 

_x 

X 

. 

. 

I  ..  -  . 

-I  - 

I 

10  I 

S.M. 

I 

X 

X 

- 

I  - 

I  MIN 

I 

11  I 

S.M. 

I 

X 

- 

- 

- 

X 

I  - 

I  MIN 

I 

12  I 

S.M. 

I 

- 

X 

X 

- 

- 

I  - 

I  MIN 

I 

13  1 

S'i-'BLD 

I 

X 

-X_. 

_ 

_ 

X  .  - 

-  .... 

I 

14  I 

MV<  UC 

I 

X 

- 

- 

X 

1  MIN 

I  MIN 

I 

15  I 

NTH  WC 

I 

X 

- 

- 

- 

X 

I  MIN 

I  MIN 

I 

16  I 

PR 

I 

X 

X 

- 

- 

- 

I  MIN 

I  MIN 

I 

_ 17. 1 _ PR _ I...X _ _ - _ X_.I  MIN  _  I  MIN_I. 

YCU  HAVE  SELECTED  TO  OPTIMIZE  EFFICIENCY  HOLDING 


CORRECTED  SPEEO  (RPMC)  AND  DISCHARGE  VALVE  SETTING  CDVS)  CONSTANT 

lSllE~ CONSTRAINIJJcT SURGE  MAP GlfJ TO  A  MINIMUM  VALUE~ 

HOLD  RPitC  CCMSTANT  AT  5567.500 
HOLD  CVS  CONSTANT  AT  76.779 

OPTIMIZING  A  VANE. ANGLE! S) _  _ 


LONER  SCUNO  FOR  VANE  1  IS 

00  YCU  AGREE?  (Y/N) 

10.000 

LONER  3CUND  FOR  VANE  2  IS 

00  YOU  AGREE?  (Y/N)  _  _ 

5.000 

LONER  BOUND  FOR  VANE  3  IS 

DO  YCU  AGREE?  (Y/N) 

5.000 

LONER  BOUND  FOR  VANE  4  IS 
_ DO  YOU  AGREE?. _( Y/N ) _ 

5.000 

UPPER  BOUND  FOR  VANE  1  IS 

35.000 

DO  YOU  AGREE?  (Y/N) 

UPPER  BOUND  FOR  VANE  2  IS 

00  YOU  AGREE?  (Y/N) 

25.000 

UPPER  BOUND  FOR  VANE  3  IS 

00  YOU  AGRCE?  (Y/N) 

25.000 

UPPER  BOUND  FOR  VANE  4  IS 

25.000 

_ DO  YOU  AGREE?  IY/N) . . . 

lc::er  scuno  value  for  sm  is  10.000 

UPPER  SOUND  VALUE  FOR  SM  IS  1000.000 

INCREMENTAL  VANE  ANGLE  VALUE  FOR  INITIAL  VANE  SETTING  IS  -2.00 


i 


TITLE! 

*«««»* 


CONTROL  parameters; 

CALCULATION  CONTROL.  NCALC  =  6 

_ NLS32S  OF  6  LOS  A  L  DESIGN  VARIABLES.-  NOV  = _ 4- 

KUM3ER  OF  SENSITIVITY  VARIABLES.  NSV  =  0 

NUMBER  OF  FUNCTIONS  IN  TWO-SPACE,  N2VAR  =  0 

NUJrDGR  OF  APPROXIMATING  VAR.  NXAPRX  =  4 

. _ -INPUT  INFORMATION  PRINT  CODE, _ IPNPUT-= _ 1- 

CEC03  PRINT  CODE,  IPOBG  =  0 


CALCULATION  CONTROL, -NCALC _ 

VALUE  MEANING 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

_ 3 - SENSITIVITY . . . . 

4  TWO-VARIABLE  FUNCTION  SPACE 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


•-•-OPTIMIZATION  INFORMATION _ 

GLOBAL  VARIABLE  NUMBER  OF  OBJECTIVE  *  7 

MULTIPLIER  (NEGATIVE  INDICATES  MINIMIZATION)  =  0.1000E+01 

cchmim  parameters  (if  zero,  conmin  default  will  over-ride) 

I PRINT  ITMAX  ICNOIR  N5CAL  ITRff  LINOBJ  KACfIXl  NFDG 

_ 5 _ 20- _ 5 _ 0 _ 3 _ 0 _ 10 _ _0  - 

FOCH  FOCHM  CT  CTMIN 

0 . 10CC3E-01  0.10CC0E-02  -0.50000E-01  0.40000E-02 

CTL  CTLMIN  THETA  PHI 

-0 . ICOOOE-Ol  O.XOOOOE-02  0.10000E+01  0.0 

-  DELFUN _ DABFUM _ ALPHAX _ AB03JI _ 

0.10000E-C2  0.0  0.10000E+00  0.10000E+00 


L 


i 


.  . 


i 


i 


OESIGN  VARIABLE  INFORMATION 

_  _ NCN-ZEPO- INITIAL.  VALUE  WILL  OVER-RIDE.  MODULE  INPUT. _ 

0.  V.  LONER  UPPER  INITIAL 

NO.  BOUND  eOUNO  VALUE  SCALE 

I  0.10000E+02  0 . 35C00E+02  0.27000E+02  0.0 

_ 2 _ 0.5000GE*01 _ 0.25000E*02 _ 0.1609CE+02 _ 0.0 _ 

3  0.50000E+01  0.25000E+02  O.I3000E+02  0.0 

4  0.50000E+01  0 . 2500CE+C2  0.90000E+01  0.0 


OESIGN  VARIABLES 

0.  V.  GLOBAL  MULTIPLYING 
10  NO.  VAR.  NO.  FACTOR 

_1 _ I _ X _ S.ICOOOE+Ol 

22  2  0.10000E+01 

33  3  O.IOOOOE+Ol 

44  4  O.XOOOOE+OX 


CONSTRAINT  INFORMATION  |  j 

_ THERE  ARE-1  CONSTRAINT  SETS _ _ _ _ _ 

GLOBAL  GL03AL  LINEAR  LOWER  NORMALIZATION  UPPER  NORMALIZATION  _ 

10  VAR.  I  VAR.  2  ID  BOUND  FACTOR  BOUND  FACTOR  I 

1660  0.10000E+02  0.10000E+02  0.100Q0E+04  0.10000E+04  j  j 

TOTAL  NUMBER  OF  CONSTRAINED  PARAMETERS  *  1 


Q 

j 


«  *  APPROXIMATE  ANALYSIS/OPTIMIZATION  : 

INFORMATION 

NUMBER  OF  FUNCTIONS  APPROXIMATED.  NF  s 

0 

NUMBER  OF  INPUT  X- VECTORS. . 

NFS  .« 

5 

NUMBER  OF  INPUT  X-F  PAIRS, 

NPFS  = 

0 

X-VECTOR  FROM  ANALIZ, 

NPA  = 

0 

NOMINAL  OESIGN. 

INOM  = 

0 

READ  UNIT  FOR  V-VFr.TOBS. 

ISCRX  = 

S  .  . 

RE AO  UNIT  FOR  X-F  PAIRS, 

ISCRXF  = 

5 

PRINT  CONTROL, 

IPAPRX  = 

1 

_ MINIMUM  APPROXIMATING  CYCLES,. 

KMIN  = 

5 

MAXIMUM  APPROXIMATINS  CYCLES, 

KMAX  = 

17 

MAXIMUM  DESIGNS  USED  IN  FIT, 

NPMAX  = 

28 

NOMINAL  OESIGN  PARAMETER, 

JNOM  = 

28 

X-LCCATION  INPUT  PARAMETER. 

INXLCC.s. 

6 

F-LCCATION  INPUT  PARAMETER, 

INF ICC  = 

0 

TAYLER  SERIES  I.D.  CODE, 

MAXTRM  = 

2 

OELTA-X  BOUNDS  FOR  APPROXIMATE  OPTIMIZATION 

0.2000E+01  0.2000E+01  0.2000E+01  0.2000E+01 

MULTIPI  TFR  ON  DEI  X. 

XFACT1  = 

MULTIPLIER  CN  DELX, 

XFACT2  = 

0.2000E+01 

GLOBAL  LOCATIONS  OF  X-VARIABLES 

12  3  4 

_ G  LOB A  L_  LOCATIONS. OF_FUNCTIONS . 

7  6 


_ XrVECTORS  ,INPUT_FRCM_  UNIT. _ 5 


NUMBER  I  DESIGN  1 
_ 0.2900E402_0.18COE+02_0.1500E402_  0.1100E*02.. 


NUMBER  2  DESIGN  2 

0.2700E+02 _ 0. 18OOE402 _ 0.1S00E+02_„  0.1I00E+02, 


NUMBER  3  DESIGN  3 

..  0.270CE402-.  0.1600E4C2  O.XSOOE*02  -  O.I100E+02 - 


NUMBER  4  OESIGN  4 

_ 0.2700E+02- 0.1600E+C2  0.1300E+02-  0.1IOOE+02-- . 


NUMBER  5  •  OESIGN  5 

0.27C0E+0C-  0.1600E+02  __  0.1300E+02  .-0.9000E401 


*  *  ESTIMATED  DATA  STORAGE  REQUIREMENTS 

REAL  INTEGER 

_ INPUT  ..  EXECUTION  AVAILABLE - INPUT  EXECUTION  -  AVAILABLE — 

37  33S  5000  26  71  1000 

»*»»«»«  >: 


HI 


SET  VANS  1  TO  27.00  DEGREES 

SET  VANE  2  TO  18.00  DEGREES 

SET  VANE  3  TO  15^00  DEGREES 

SET  VANE  4  TO  11.00  DEGREES 

~l HOLD  '  R  Ff  iC  CO! (STAN  TA  TA  VALUE~OF  5567. MlO^ 

NOLO  DV3  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  87.3000 

SURGE  MARGIN*  8.7900 

'tt*X»»ttXXtfXXKW«tfXXWKX»XX*IMIXXXXtftf 

SET  VANE  1  TO  27.00  DEGREES 

SET  VANE  2  TO  16.00  DEGREES 

SET  VANS  3  TO  15.00  DEGREES 

SET  VANE  4  TO  11.00  DEGREES 

HOLD  KFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY®  87.2100 

SURGE  MARGIN®  8.9600 


SET  VANE  1  TO 

27.00 

DEGREES 

SET  VANE  2  TO 

16.00 

DEGREES 

SET  VANE  3  TO 

13.00 

OEGGEES 

SET  VANE  4  TO 

11.00 

DEGREES 

HOLD  RR!C  CONSTANT  AT 

A  VALUE  OF 

5567.500 

HOLD  CVS  CONSTANT  AT 

A  VALUE  OF 

76.779 

EFFICIENCY* 

87.3100 

SURGE  MARGIN®  9.1000 . 

<»NXX»XX«»<I»*«NXX«»**»*XXNX<)*«»* 


112 


"set “vane  I  TO  277oO  DEGREES 

SET  VANE  2  TO  16.00  OEGREES 

SeTvANE  3  TO  LlTotfOEGREES 

SET  VANE  4  TO  9.00  DEGREES 

HOLD  RPMC  COtisT ANT~At“a  VALUE  "of  5567.50 0 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  87.4200 

"sURGfTMARGIM*  9.1400 

APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 

APPROXIMATING  FUNCTION  1  IS  THE  OBJECTIVE 

APPROXIMATING  FUNCTIONS  ASSOCIATED  WITH  CONSTRAINTS 
2 

DESIGN  VARIABLE  NUMBERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES 
12  3  4 


BEGIN  ITERATION  NUMBER  1 

_ NOMINAL  DESIGN  NUMBER  = - 5 _ 

X-VECTO? 

0.27500E+02  0.16000E+02  0.13000E+02  0.90000E+01 

FUNCTION  VALUES 

O.S7420E+02  0.92400E*01 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

_ -C.2CCC0E+Q1  .0.U166E+01  -O.ZOOOOE+Ol.-O.CCOOOE+Ol 

X-VECTCR 

0.23C30E»02  0.17I17E+02  0.11000E+02  0.70000E+01 

APPROXIMATE  FUNCTION  VALUES 
O.G7300E+02  0.99951E+01 

«**«**#*»•«*«  ***»*»*»«#*< fMXK*«**«* 

SET  VANS  I  TO  25.00  DEGREES 

_ SET_VANE  _2_T0 _ 17.12  DEGREES _ 

SET  VANE  3  TO  11.00  DEGREES 

_ SET.VANE.4_T0 _ 7.00.  DEGREES _ 

HOLO  R PMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ EFFICIENCY* _ 87.5100 _ _ 

SURGE  MARGIN*  9.4400 


_ PRECISE  FUNCTION  VALUES  __ 

0.87510E+02  0.94400E»01 


BEGIN  ITERATION  NUMBER  2 
NOMINAL  DESIGN  NUMBER  =  6 

X-VECTCR 

0.25000Et02  0.17117E+02  0.U000E+02  0.70000E+01 

_ FUNCTION  VALUES  -  - 

0.87510E+02  0.94400E+01 


_ RESULTS  OF.  APPROXIMATE  OPTIMIZATION - 

DELTA-X  VECTOR 

0.97329E+00  -0.20000E+01  -0.20000E+0I  -0.20000E+01 
X-VECTCR 

0 . 25973E+02  0.15117E*02  0.90000E+01  0.50000E+01 

_ APPROXIMATE  FUNCTION  VALUES... - - 

0.37749E+02  0.99S21E+01 


SET  VANE  1  TO  25.97  DEGREES 

SET  VANE  2  TO  15.12  OEGSEES 

SET  VANE  3  TO  9.00  DEGREES 

SET  VANE  4  TO  5.00  OEGSEES 

~ HOLD  R-MC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY*  37.2800 

~ ' SURGE  MARGIN*  9.6600 

«*  tf  »»  V  *  *■  '»*  *  »»»#  »  »*»*»**  X  yt  X*  #  ***** 


FRECISE  FUNCTION  VALUES 
_ 0.87230E+02  . . 0.966CCE+01_ 


, _ BEGIN  ITERATION  NUMBER  ....  3 _ 

NOMINAL  DESIGN  NUMBER  *  7 

_ X-VECTCR _ 

0.25973E+02  0.15117E+02  0.90000E+01  O.SOPOOE+Ol 

FUNCTICN  VALUES 

_ 0 .87280E+02 _ 0 .96600E+01 _ 


RCSULTS  OF  APPROXIMATE  OPTIMIZATION 
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I 

I 

I 

I 

I 

1 

1 

7 


I 

I 

I 

I 

I 

I 

I 

I 


DELTA -X  VECTOR 

0.55595E+00  0.16977E+01  -0.20000E+01  -0.13585E-05 

-X-VECTCR -  - -  -  .... - — . - 

0.265E9E*02  0.16814E+02  0.70000E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 
_ 0.SC394EO2  0.10006E*02  - - 


.  SET- VANE . I  -  TO  26.53  DEGREES  - 


SET  VANE  2  TO  16.61  DEGREES 

-SET- V/.VE  3  TO . 7.00  DEGREES _ 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  srx  CONSTANT  AT  A  VALUE  OF  _. 
HOLD  CVS  CONSTANT  AT  A  VALUE  OF 
effici:;:cy=  87.ocoo 


5567.500 

76.779 


_ SURGE  MARGIN3  _ 9.4600. . 


PRECISE  FUNCTION  VALUES 
0.37C30E+02  0.946002*01 


BEGIN  ITERATION  NUMBER 


NOMINAL  DESIGN  NUMSER  =  8 

X-VECTCR 

_ 0. 2i5C9E+02_C.16814E*02.  0.70000E+01- 0 -50000E*01_ 


FUNCTION  VALUES 

0.87J30E*02  0.94600E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ OELTA-X  VECTOR  _  _ _ _ 

-0.03326E*00  -0.14797E*01  0.30000E+01  0.43284E-06 

X-VECTCR 

_ 0 . 25726E+02  ..  0 . 15335E*02__  0 . 10000E*02_0 . SOOOOE+Ol . 

APPROXIMATE  FUNCTION  VALUES 
0.87424E+02  0.9639CE+01 


SET  VANE  l  TO  25.73  OEGREES 


SET  VANE  2  TO  15.33  OEGREES 
SET  VAN'S  3  TO  10.00  DEGREES 
SET  VANS  4  TO  5.00  DEGREES 


HOLD  RPMC  CONST A»rr  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  -  76.779- 

EFFICIENCTs  87.3300 


SURGE  MARGIN3  9.6600 
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PRECISE  FUNCTION  VALUES 
0.87330E+02  0.96600E+01 


BEGIN  ITERATION  NUMBER  5 

.NOMINAL  DESIGN  NUMBER-*. - 9 - 

X-VECTCR 

0 . 25726E+02  0.15335E+02  0.10000ET02  0.50000E+01 


FUNCTION  VALUES 

0.87330E+02  0.96600E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

„-O.31O37EfO0  -0.20260E+01_-0.34839E*00 — 0.29043E-.06 - 


X-VECTCR 

0.20*15E*02  0 . 13309E+02  0.96516E+01  0.50000E+0I 


APPROXIMATE  FUNCTION  VALUES 
0.37494E+02  0.971155*01 


SET  VANE  1  TO  25.42  DEGREES 

.SET.  VANE. 2.  TO  _  13.31  DEGREES _ 

SET  VANE  3  TO  9.65  DEGREES 

SET  VAVE  4  T0 _ 5.00  DEGREES _ 

HOLD  RPNC  CONSTANT  AT  A  VALUE  OF  5567.500 

HCLO  DV3  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY* _ 87.2200 _ _ 


SURGE  MARGIN*  9.6900 


_»*»« »»; »*»*«»»¥**»*  **«*****»**»«»»*  _ 

_ FSECISS  FUNCTION  VALUES  - 

0 .  C7220EO2  0.96900E  +  01 


BEGIN  ITERATION  NUMBER  6 

NOMINAL  DESICN  NUMBER  *  10 

X- VECTOR 

0.2S »15E*02  0.13309E*02  0.96516E+01  0.50000E*01 

.FUNCTION  VALUES  .  _ 

0.87220E*C:  0 . 9690CE*01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION - 

DELTA-X  VECTOR 

0.10968E+00  0.48789E+00  0.45810E-01  0.64493E-06 

X-VECTCR 

0.25316E*02  0.13796EO2  0.96974E+01  0.50000E+01 


_ APPROXIMATE  FIT'CTICN  VALUES _ 

0.87249E*02  C.96945E*01 

•mu******  **»*»*#,■»»  *«»«»»#  *«#»»» 
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SET  VANE  1  TO  25.52  DEGREES 


SET  VANE  2  TO  13.60  DEGREES 

SET  VANE  3  TO  9.70  DEGREES 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  EPiX  COHSTAHT^AtT  VALUE~OF  5567^500* 
HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY5  87.2900 

SURGE  MARGIN=  977700 

*»*KX*K*M»»*ir«»XK**S*»****«»tt»*N» 


FRECISE  FUNCTION  VALUES 
_ 0..87290E+02 _  0.97700E+01. 


_ BEGIN. ITERATION. NUMBER _ 7_ 

NOMINAL  DESIGN  NUMBER  =  11 

__X- VECTOR _ 


0.25516E+02  0.13796E+02  0.96974E+01  0.50000E+01 

FUNCTION  VALUES 

_ 0 .27273E+G2  0.9770CE+01 - 


RESULTS  OF  APPROXIMATE  OPTIMISATION 
OELTA-X  VECTOR 

-0 . 93330E-01  -0.10000E+C1  0.11300E-01  0.0 

_ X- VECTOR _ _ _ _ 

0 . 25420E*02  0.12796t«02  0.97087E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

_  0.07C60E+02  0.97C47EO1  .  _ 


SET  VAHE.l-TO 25.42  DECREES 

SET  VANE  2  TO  12.63  DEGREES 


_ SET_VA*!E.  3_TO _ 9.71  DEGREES  .. 


SET  VANE  4  TO  5.00  DEGREES 

_ HOLO  P.FMC  CONSTANT  AT  A  VALUE  CF _ 5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

EFFICIENCY5  87.1900 

_ SURGE.  MARGIN5 _ 9.6100 _ 


PRECISE  FUNCTION  VALUES 
0.07190E+02  0.961001*01 
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1. 


1 

I 

BEGIN  ITERATION  NUMBER  S 


NOMINAL  DESIGN  NUMBER  =  12 

X-VECTOR 

_ 0.25420E+02 _ 0.12796E+02 _ 0.97087E+01 _ 0.50000E+.01. 

FUNCTION  VALUES 

0.87190E»02  0. 96100E+01 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ PELTA-X. VECTOR _ 

-0.17329E*00  0.20423E*01  0.27320E+00  3.23133E-06 

X-VECTOR 

_ 0. 25247E+02 _ 0 . I4839E+02 _ .0. 998I9E+01 _ 0 .50000E+01 


APPROXIMATE  FUNCTION  VALUES 
0.87334E*02  0.97163E+01 

***»**«««»»****  ..  . . 


SET  VANE  1  TO  25. 2S  DEGREES 

SET  VANE  2  TO  14.84  DEGREES 

SET  VANE  3  TO  9.93  DEGREES 

SET  VANE  4  TO  5.00  DEGREES 

NOLO  RPNC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLD  CVS  CONSTANT  AT  A  VALUE  OF _  76.779 _ 

EFFICIENCY*  87.3100 

SURGE  MARGIN*  9.3100 

*»Kxv*»i  :<':******»«**«  **K*tf#***«««* 


FPECISE  FUNCTION  VALUES 
0 .37310E*02  0 . 931002*01 


BEGIN  ITERATION  HUMBER  9 

NOMINAL  OESIGN  NUMBER  =.__.13 _ 

X-VECTCR 

0.25247E+02  0.14839E+02  0.99819E*01  0.50000E+01 


FUNCTION  VALUES 

0.87310E+02  0.93100E*01 


_  ReSULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ -0 . 22920E+01  6 .61894E-02  __0 . 26147E*00._  0.24356E-06 _ 

X-VECTOR 

0.22955E*02  0.14347E+02  0.10243E*02  0.50000E*01 

APFROXIIIATE  FUNCTION  VALUES  . . 

0.87189E*02  0.9941 7E+01 

»»»»*«»  »>*»**  ***»»* 

o 
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FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 


NOMINAL  DESIGN  NUM3ER  =  15 

X-VECTCR 

0 . 2C642E+02  0.14725E+02  0.92434E+01  0.50000E+01 

FUNCTION  VALUES  _ _ _ 

0.87330E+02  0.99800E+01 

RESULTS  OF  APPROXIMATE  ANALYSIS/OPTIMIZATION 


*»;f****»*il*M*«»»»»»«tl*»K»M**Ktt»*«K*«**K**«»*MW**»K»*«*N»**»« 


GLOBAL  LOCATIONS  OF  X-7ARIA3LES 
12  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS,  F(X) 
7  6 


APPROXIMATION  IS  BASED  ON  15  DESIGNS 
NOMINAL  OESIGN  IS  DESIGN  NUMBER  15 


VALUES  OF  X-VARI'BLES 

0 . 2264E*C2  0.1472E*02  0.9243E+01  0.5000E*01 


VALUES  OF  FUNCTIONS,  F(X1 
0.673CE+02  0.998CE+01 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 


PARAMETER  1  =  GLOBAL  VARIABLE  7 
LINE- R  TERMS.  DEL  F 

_ -0 . 3983E-01  0 . 355CE-01 _ 0.5171E-0I _ 0 . 7911E-01 _ 


NCM-LINEAR  TERNS,  H,  BEGININS  WITH  DIAGONAL  ELEMENT 

BOW  1 

0.6557E-03 

RCW_.  2  .... _ 

-0.8735E-02 

ROW  3 

_ _ -0 . 2149E-01 _ 

ROW  4 

-0.2440E-01 


PARAMETER  2  =  GLOBAL  VARIABLE  6 

LINEAR  TERMS,  DEL  F  _  . . .  .  _ 

-0 . 2371E-0I  -0 . 750 3E-07  -0.1890E-01  -0.3944E-01 


NON- LINEAR  TERMS,  H,  BEGININS  WITH  DIAGONAL  ELEMENT. 


ROM  1 
-0.3965E-01 


ROD  2 
-0.6655E-01 

_ ROD _ 3 _ 

-0.3313E-02 

ROD  4 

-  -0.I071E-03 _ 

OPTIMIZATION  RESULTS 


_ OBJECTIVE  FUNCTION _ _ _ 

GLOBAL  LOCATION  7  FUNCTION  VALUE  0.87330E+02 


_ DESIGN  .VARIABLES _ 


0.  V. 

10  HO. 

.1- _ 1  ... 

2  2 

3  3 

4  4 


GLOBAL  LOUER  UPPER 

VAR.  HO.  BOUND  VALUE  EC'JND 

- 1 _ 0.10000E*02-..  0.22642E+02  . -  0.350C0E+02- 

2  Q.50000E+01  0.14725E  !  0.25000E+02 

3  0 . 50000E+01  0 . 92434E+01  0.25000E*02 

4  0 .50000E+01  0.5C0D0E+01  0.25000E+02 


DESIGN  CONSTRAINTS 

GLOBAL  LCDER  UPPER 

ID  VAR.  NO.  BOUND  VALUE  BOUND 

I  6  0.1CCOCE+02  0. 993D0E+D1  0.10000E+D4 


FINAL  SOLUTION  VALUES  ««**««*« 


VANE  ANGLE  FOR  VAHE  1  IS  22.64  DEGREES 

.VANE  ANGLE. FOR  VAHE. 2. IS _ 14.72  DECREES _  _ 

VANE  ANGLE  FOR  VANE  3  IS  9.24  DEGREES 

..VANE. ANGLE. FOR  VANE  4  IS _ 5. 00  .  DEGREES _ 

EFFICIENCY*  87.3300 

.SUPGE  MARGIN* _ 9.9800 _ 

RPHC  WAS  HELD  CONSTANT  AT  5567.50 

DVS  NAS  HELD  CONSTANT  AT  76.78 

PROGRAM  CALLS  TO  ANALI2 

ICALC  CALLS 

_ 1  _  1  - . . - 

2  15 

3  1 


121 


STATOR  VANE  OPTIMIZER 

_ PHOTOTYPE-SOFTWARE  CAPABLE  OF  GUIDING  THE  OPTIMIZATION  OF - 

STATOR  VANE  AND  8LEEO  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 


PREPARED  FOR  THE  AIR  FORCE  AERO  PROPULSION  LABORATORY 

UNDER  CONTRACT  F33615-79-C-2013 

by:  PRATT  S  WHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  PRODUCTS  DIVISION 


PLEASE  HIT  RETURN  TO  VIEW  OPTIMIZATION  GOAL  MENU 

I  OPTIMIZATION  CONDITIONS  I  CONSTRAINTS  I 
NO  I  GOAL  I  RPtiC  UC  PR  DVS  O.L.  I  S.M.  I  EFF  I 

- ♦ - ♦ - ♦ - - 

_ 1.1 _ EFF _ I._  X _ - _ - _ X  -  __I  .  I_- _ I _ 

21  EFF  IX  -  -  -  X  I  -  I  -  I 

31  EFF  I  -  XX  -  -  I-  I-  I 

41  EFF  IX  -  -  X  -  I  MIN  I  -  I 

_5  I _ EFF  _  I  ...X _ - _ - _ - _ X _ I  MIN  _  I  — - _ I _ 

6  I  EFF  I  -  XX  -  -  I  MIN  I  -  I 

7  I  S.M.  IX  -  -  X  -  I-  I-  I 

8  I  S.M.  IX  -  -  -  X  I  -  I  -  I 

_.  9  I_S.M _ I__- _ X _ X _ - _ - _ I__- _ I  „.- _  I - 

10  I  S.M.  IX  -  X  -  I-  I  MIN  I 

11  I  S.M.  IX  --  -  XI  -  I  MIN  I 

12  I  S.M.  I  -  XX  -  -  I-  I  MIN  I 

.13  I  SM/BLO  I  __X _ X _ - _ - _ - _ I  _ I _ 

14  I  MAX  WC  I  X  -  -  XI  MIN  I  MIN  I 

15  I  MIN  WC  I  X  -  -  -  X  I  HIN  I  MIN  I 

16  I  FR  I  X  X  -  -  -  I  MIN  I  MIN  I 

17  1 _ PR  ..I  X _ - _ -  — ,  X _ I  MIN  .  I  MIN  _.I _ 

YOU  HAVE  SELECTED  TO  OPTIMIZE  SURGE  MARGIN  HOLDING 

CORRECTED  SPEED  (RPMC)  ANO  DISCHARGE  VALVE  SETTING  (DVS)  CONSTANT 

WHILE  CONSTRAINING  EFFICIENCY  TO  A  MINIMUM  VALUE 
HOLD  RFMC  CONSTANT  AT  5567.500 

HOLD  OVS  CONSTANT  AT  76.779 

OPTIMIZING  .4  VANE  ANGLE! S) _ 

LOWER  EOUHO  FOR  VANE  1  IS  10.000 
DO  YOU  AGREE?  (Y/N) 

LOWER  BOUND  FOR  VANE  2  IS  5.000 

DO. YOU  AGREE?  (Y/N) _ _ _ 

LOWER  BOUND  FOR  VANE  3  IS  5.000 
DO  YOU  AGREE?  (Y/N) 

LOWER  BOUND  FOR  VANE  4  IS  5.000 

DO  YOU  AGREE?  (Y/N) _ _ _ 

UPPER  BOUND  FOR  VANE  1  IS  35.000 
DO  "OU  AGREE?  (Y/N) 

UPPER  BOUND  FOR  VANE  2  IS  25.000 

DO.  YOU.  AGREE?. (Y/N) _ _ 

UPPER  BOUND  FOR  VANE  3  IS  25.000 
OO  YOU  AGREE?  (Y/N) 

UPPER  eCUND  FCR  VANE  4  IS  25.000 

00  YCU  AGREE?  (Y/N)  -  -  .  - - 

LOWER  BOUND  VALUE  FOR  EFF  IS  87.300 
UPPER  BOUND  VALUE  FOR  EFF  IS  10C0.000 

INCREMENTAL  VANE  ANGLE  VALUE  FOR  INITIAL  VANE  SETTING  IS  -2.00 


TITLE 

**»**< 


CONTROL  parameters; 

CALCULATION  CONTROL, 

-NllIiSER  OF  GLOBAL  DESIGN.  VARIABLES. 
NU!®ER  OF  SENSITIVITY  VARIABLES, 
NUMBER  OF  FUNCTIONS  IN  TtiO-SPACE, 
NUMBER  OF  APPROXIMATING  VAR. 

.  INPUT  INFORMATION  PRINT  CODE, _ 

DEBUG  PRINT  CODE, 


NCALC 
_  NDV. 

NSV 
N2VAR 
NXAPRX 
IPNPUT 
I  FOBS 


.CALCULATION  CONTROL,  NCALC  _ 

VALUE  MEANING 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

_ 3 _ SENSITIVITY  _ _ 

4  THO-VARIABLE  FUNCTION  SPACE 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


_ *_«. OPTIMIZATION  INFORMATION _ 


GLOBAL  VARIABLE  NUMBER  OF  OBJECTIVE  =  6 

MULTIPLIER  t NEGATIVE  INDICATES  MINIMIZATION)  =  0.1000E*01 

"cctailH  PARAMETERS  (IF  ZERO,  CONMIN  DEFAULT  HILL  OVER-RIDE) 

IPRIMT  ITMAX  ICNOIR  HSCAL  ITPM  LZNCBJ  NACHX1  NFDG 


5 _ 20 _ 5 


.10 _ 0. 


FDCH 

0 . lOOOOE-OI 
~CTL 

-o. xoeooE-oi 


0 . 10C0QE-O2  -0.50000E-0! 


CTLMIN 

0.10000E-02 


THETA 

0. 10000E*01 


CTMIN 

0.40000E-02 


.OELFUN  _ 
0.10030E-02 


.  OABFUN. 
0.0 


_ ALPHAX  _ 

0.10000E+00 


APOBJ1 _ 

0.10000E+00 


DESIGN  VARIABLE  INFORMATION 


NC'I-ZEPO  INITIAL  VALUE 

HILL  OVER-RIDE 

MODULE.  INPUT. 

0.  V. 

LCUER 

UPPER 

INITIAL 

NO. 

BOUND 

BOUND 

VALUE 

SCALE 

1 

0 . 100Q0E*02 

0 . 35000E+02 

0 . 27090E*02 

0.0 

2 

0,50000E*01 

0.25900E*02 

0. 16000E*02 

0.0 

3 

0.50000E*01 

0 . 25000E *02 

0 . 13000E  +  02 

0.0 

4 

0.50000E+01 

0 . 25000E, 02 

0.90000E*01 

0.0 

DESIGN 

VARIABLES 

C 

1.  V.  GLOBAL 

MULTIPLYING 

ID 

NO.  VAR.  NO. 

FACTOR 

1 

1  1 

0 . 10000E+01 

2 

2  2 

0.10000E+01 

3 

3  3 

0 . 10000E*01 

4 

4  4 

O.lOOOOEtOl 

CONSTRAINT  INFORMATION 


.THERE -APE  1  CONSTRAINT  SETS 
GLOBAL  GLOBAL  LINEAR 
ID  VAR.  1  VAR.  2  ID 
17  7  0 


NORMALIZATION 

FACTOR 


NORMALIZATION 

FACTOR 


Q.A7300E+02  0.67300E+02  0.10000E*04  0.100001*04 


TOTAL  NUMBER  OF  CONSTRA1NEO  PARAMETERS  « 
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SET  VANE  3  TO  15.00  DEGREES 


SET  VANE  1  TO  27.00  DEGREES 


SET  VANE  2  TO  16.00  DEGREES 

seFvanFs’to  13.00~ DEGREES  ~ 

SET  VANE  4  TO  9.00  DEGREES 

Hoib  RPMcTwSTANT^AfT  VALUlToF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGIN:  9.1600 

EFFICIENCY:  8773300 

>»«»»»«««****«•  «**«******<HH»*IHHt 

APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 

APPROXIMATING  FUNCTION  I  IS  THE  OBJECTIVE 

APPROXIMATING  FUNCTIONS  ASSOCIATED  WITH  CONSTRAINTS 
2 


DESIGN  VARIABLE  NUMBERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES 


BEGIN  ITERATION  NUMBER  1 

NOMINAL  DESIGN  NUMBER  = _ 5 _ _ _ 

X-VECTOR 

0.27000E*02  0 . 16000E+02  0.13000E+02  0.90000E+01 

FUNCTION  VALUES 

0.91300E*01  0.8733CE*02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ -0.20000E+01. „0.62847E*00  -0.20000E+01-.-0.20000E+01. 

X-VECTOR 

0.25000E+02  0 . 16828E+02  0.11000E+02  0.70000E+01 

APPROXIMATE  FUNCTION  VALUES 
0.99303E+01  0.87633E+02 

•  «•*«*)>*«  »«*«»* 

SET  VANE  I  TO  25.00  DEGREES 

_ SET_VANE _ 2 „TO _ 16.83  DEGREES _ 

SET  VANE  3  TO  11.00  DEGREES 

_ SSTJ/ANE_4-T0 _ 7.00  DEGREES _ 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  O'.'S  CON3TANT  AT  A  VALUE  OF  76.779 

_ SURGE. .MARGIN* _ 9.4800 _ 

EFFICIENCY:  87.5400 


JPRECISE  FUNCTION  VALUES  .  _ 
0.94600E+0I  0.87540E+Q2 
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BEGIN  ITERATION  NUMBER  2 
NOMINAL  OESIGN  NUMBER  =  6 

X-VECTCR 

0.25000E+02  0.16626E+02  0.U000E+02  0.70000E*01 

JUNCTION  VALUES - - - 

0.94000E»01  0.87540E+02 


_ RESULTS  OF.  APPROXIMATE- OPTIMIZATION _ 

OELTA-X  VECTOR 

0.42598E+00  0.84746E*00  -0.2000CE+01  -0.20000E+01 

_  X-VECTOR 

0.25'.25E*02  0.17676E+02  0.90000E+01  0.50000E*01 

_ APPROXIMATE-  FUNCTION  VALUES _ 

0 . 97684E+01  0.87653E+02 


SET  VANE  1  TO  25.43  DEGREES 

SET  VANE  2  TO  17.48  DEGREES 

iFTvANE  3  TO  9.00  OEGREES 

SET  VANE  4  TO  S.00  DEGREES 

HOLD  PPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGINS  9.6500 

EFFICIENCY*  67.3700  ~ 

««****  **«*»ll***t»XK*****NW*«***ll** 


PRECISE  FUNCTION  VALUES 
_ 0 . 96500E*01 ...  0 .87370E+02 


_ BEGIN_ITERATION_  NUH3ER _ 3 _ 

NOMINAL  DESIGN  NUNDER  =  7 

_ X-VECTOR  _ 

0.25425E»02  0.17676E+02  0.90000E+01  0.50000E+01 

FUNCTION  VALUES 

_ 0,96500E*01  __0.67370E*02 _ 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 


128 


OELTA-X  VECTOR 

0.1805SE+01  -Q.7U06E«00  -0.20000E+01  -0.28566E-05 

_ X-VECTCR  . . .  .....  —  .  .  _ 

0.2723IE+02  0.I6965E+O2  0.70000E*01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 
_  0.10846E+02  0.89697E*02  . 

XM»XXXXXWXXX*XXtHMXXX1l«Xtt*KXtfttWXX 


_SET..VAHE.l  TO ....  27.23  OEGREES _ 

SET  VANE  2  TO  16.96  DEGREES 

..  SET  VANS  3  TO  ....  7.00  DEGREES  _ 

SET  VANE  4  TO  5. CO  DEGREES 

..HOLD  RPMC  CONSTANT  AT  A  VALUE  OF _  5567.S00 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGIN1  9.4500 

_  EFFICIENCY* _ 67.0500  _ _ 

««**« *»»*»»»#»»»****»*********»»» 


PRECISE  FUNCTION  VALUES 
0.94500E+01  0 .87050E*02 


BEGIN  ITERATION  NUMBER  4 

'nominal  design  NUMBER  =  '  8 


X-VECTCR 

_ 0 . C7231E»02  0.16965E+02 


0.70000E+01 _  0.50000S*01 


FUNCTION  VALUES 

0.94500E*0I  0.87030E+02 


RESUUS  OF  APPROXIMATE  OPTIMIZATION 

_ DELTA-  X  VECTOR  ...  _  . . . . . 

-0. i6999E*01  -0. 10753E+01  0.30000E+01  0.0 

X-VECTCR 

_ 0 . 24531E+02  .  0.I5889E+02  .  0.10000E*02_0.50000E*01. 

APPROXIMATE  FUNCTION  VALUES 
0 . 9B537E+01  0.87274E+02 


SET  VANE  1  TO  24.53  DEGREES 


SET  VANE  2  TO  15.89  DEGREES 

SET  VANE  3  TO  10.00  DEGREES 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  PPUC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  .  76.779. 

SURGE  MARGIN*  9.7900 

EFFICIENCY*  87.4300 


PRECISE  FUNCTION  VALUES 
0.97900E*01  0.87430E+02 


BEGIN  ITERATION  NUMBER  5 

.NOMINAL  DESIGN  NUKBER.J5 _ 9 _ 

X-VECTOR 

0.24531E*02  0.15889E+02  0.10000E+02  0.50000E+01 

FUNCTION  VALUES 

0.9790GE+01  0.87430E*02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ rO .  13657EI01  -0 . 30000E+01.-0 . 12498E*00__0 . 71604E+00_ 

X-VECTCR 

0.23165E*02  0.12869E»02  0.98750E+01  0.57160E»01 

APPROXIMATE  FUNCTION  VALUES  ' 

0.10994E+02  0.87442E+02 


SET  VANE  I  TO  23.16  DEGREES 

_ SET  VANE  2_T0 _ 12.89  DEGREES  _ 

SET  VANE  3  TO  9.88  DEGREES 

_ SET  VANE  4_T0 _ 5.72  DEGREES _ 

NOLO  RFMC  CONSTANT  AT  A  VALUE  OF  5567.530 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ SURGE. MAFGIN® _ 9.9800 _ _ 

EFFICIENCY®  87.2700 

_ PRECISE  FUNCTION  VALUES  _ 

0.99300E+01  0.87270E*02 


BEGIN  ITERATION  NUNOER  6 

NOMINAL  DESIGN  NUMBER  =  10 


X-VECTOR 

0 . 23165E+02  0.12889E+02  0.98750E*01  0.57160E+01 

FUNCTION  VALUES...  _  .  _ _ _ _ _ 

0.99300E+01  0.07270E*02 


.RESULTS  OF. APPROXIMATE  OPTIMIZATION _ 

OELTA-X  VECTOR 

0.52440E400  0.58893E+00  0.98662E+00  -0.71604E+00 


X-VECTCR 

0.22689E+02  0.13478E+02  0.10862E+02  0.50000E+01 

_ APPROXIMATE  FUNCTION  VALUES _ 

0.10C2SE+02  0.87293E+02 

••««««  «*««•«««»  »»«**«• 
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SET  VANE  1  TO  23.69  DEGREES 


OELTA-X  VECTOR 

-0.14401E»01  0 . 74872E+00  -0.29438E+01  0.298818*01 

_ X-VECTCR  .  .  ......... 

0 .  22249E*02  0.14227E*92  0.79178E*0X  0.79881E*01 

APPROXIMATE  FUNCTION  VALUES 

_  0.99222E*01  0.97495E+02  . . . . 


_  SET  VANE  X  TO  22.25  DEGREES  _ 

SET  VANE  2  TO  14.23  DEGREES 

_ SET.VFME  3 .TO  _  7.92  OEGREES _ _ _ 

SET  VANE  4  TO  7.99  DEGREES 

_ HOLO  PFMC  CONSTANT  AT  A  VALUE  OF _  5567.500  _ 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGIN*  9.9000 

_ EFFICIENCY*  _  .  67.3000  _ 

*«***•*»<!* 


PRECISE  FUNCTION  VALUES 
0.99000E*01  0.8730CE*02 
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BEGIN  ITERATION  NUMBER  8 
NOMINE  DESIGN  NUMBER  =  12 

X-VECTCR 

_ 0 . 22249E+02 _ 0 . 14227E+02  _0 . 79I7flE+01_0..79881E*0i 

FUNCTION  VALUES 

O.99OO0E+O1  0.87300E»02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ OELTA-X  VECTOR _ __ _ _ _ 

0 . 31456E+00  0 .  25967E+00  0.6216SE+00  -0.27062E+01 

X-VECTOR 

_ 0.22564E*02  0. 14486E*02_._0 .65395E*01_.  0.52819E+01 _ 

APPROXIMATE  FUNCTION  VALUES 
0.9?291E*01  0.87331E+C2 

*#**#«•»»#»>»**><#*»»#»*  »»**»#»*»*>* _ _ - 


SET  VANE  1  TO  22.56  OCGREES 

SET  VANE  2  TO  14.49  DEGREES 

SET  VANE  3  TO  8.54  DEGREES 

SET  VANE  4  TO  5.28  DEGREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

.  _HOLO  DVS  CONSTANT  AT  A  VALUE  OF  .. -  76.779  - 

SURGE  MARGINS  9.9700 

EFFICIENCY*  87.3600 


PRECISE  FUNCTION  VALUES 
0.99700E+01  0.87360E+02 


BEGIN  ITERATION  HUMBER  9 

NOMINAL  DESIGN  NUMBER  =....13 _ 

X-VECTOR 

0.22554E«02  0.14466E+02  0.85395E+01  0.52819E+01 

FUNCTION  VALUES 

0.99700E*01  0.87360E+02 


RESULTS  OF "APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ -0.26179E*00  -0.69402E-01.  0.10623E*00_-0.28189E*00 _ 

X-VECTCR 

0.22302E»02  0.14417E+02  0.86457E*01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 
0.99761E»01  0.87370E*02 

»*«***»*****»«*»»¥■!  =<«*»««** 
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■  — . .  i- 1  tih'ipini  ....  **v.**x*^A 


SET  VANE  1  TO  22.30  DEGREES 

_ SET_VANE_2_TO _ 14.42  OEGREES _ 

SET  VANE  3  TO  8.65  DEGREES 

_ SET_VANE_4_T0 _ 5.00  DEGREES _ 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ SURGE  HARG1N=  10.0100  _  _ ... 

EFFICIENCY®  S7.3200 


_ #*»**«*«»««««*«)*«*««*•««**«««*««* 


_ PRECISE  FUNCTION  VALUES _ 

0.1C310E+02  0.07320E+02 


BEGIN  ITERATION  NUMBER  10 
NOMINAL  DESIGN  NUMBER  =  14 

X-VECTCR 

0.22302E+02  0.I4417E+02  0.86457E+01  0.S0000E+01 

FUffCTICN  VALUES..  .  _ _ _ _ _ 

0 . 10013E+02  C .  87320E+02 


_ RESULTS  OF  APPROXIMATE  OPTIMIZATION _ 

DELTA-X  VECTOR 

-0.14I09E*00  -0.50324E-01  0.14968E-01  0.58275E-06 

X-VECTCR 

0 . 221605*02  0 . 14367E+02  0.86607E+01  0.50000E+01 

_ APPROXIMATE  FUNCTION  VALUES _ 

0.10010E+02  0 . 87321E+02 

*«NII*N««*»X**««K««««lt«*««*<t****** 


SET  VAHc  1  TO  227l6  DEGREES 

SET  VANE  2  TO  14.37  DEGREES 

sif  ~VANE~3  TO  8766  OEGREES 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  RPMC  CONSTANT  ATA  VALUE  OF  55677500 

HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 

SUSCE  MARGIN®  I0.CE00 

EFFICIENCY®  8773100 

**XXXXX*«XXXXttttX«*«X*X**Xff*X«MftX* 


PRECISE  FUNCTION  VALUES 
_ 0.10020EA02  0.873I0E«02 
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.BEGIN .ITERATION  NUM3ER —  11 - 

NOMINAL  OESIGN  NUMBER  =  15 

.X-VECTOR - -  — . 

0.22160E+02  0 . 14367E+02  0.86607E+01  0.50000E+01 

FUNCTION  VALUES 
_  0.10020E  +  02  _  0.87310E+02. 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

-0.92877E-01  -0.16467E-01  0.23182E-02  0.0 

_ X-VECTOR  ...  _.  ...  _.  _ _ _  -  - 

0 . 22067E+02  0.14350E*02  0.66630E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

_ 0 . 10020E+02  0.87310E*02 .  - _ 


_ SET . VANE.  1  .TO  ._  22.07  DEGREES 

SET  VANE  2  TO  14.35  DEGREES 


_ SET  VANE_3  .TO  ._.  8.66  DEGREES 


SET  VANE  4  TO  5.00  OEGREES 

_ HOLD  RPMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  OVS  CONSTANT  AT  A  VALUE  OF  76.779 

SL'PGE  MARGINS  9.9200 

_ EFFICIENCY* _ 87.3200  _ 


PRECISE  FUNCTION  VALUES  4 

0 . 99C00E+0I  0 .87320E+02 


BEGIN  ITERATION  NUMBER  12 


NOMINAL  DESIGN  NUMBER  *  16 

X-VECTOR 

_  0 . 2206 7E *02 _  0 . 14350E  +  02  _  0 .86630E*01  .0.50000E+01 

FUNCTION  VALUES 

0.9920QE01  0.87320E+02 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ OELTA-X  VECTOR  - - - 

0.90472E*00  0.24113E+00  0.33393E»00  0.76387E-01 

X-VECTOR 

_ 0.22972E+02  0.14591E+02  0.89970E+01  - 0.50764E*01 

APPROXIMATE  FUNCTION  VALUES 
0.99321E+01  0.87341E*02 

_ _ _ _ 
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SET  VANE  1  TO  22.97  DEGREES 


SET  VANE  2  TO  14.59  DEGREES 

SET  VANE  3  TO  9.00  DEGREES 

SET  VANE  4  TO  5.08  DEGREES 

HOLO  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLD  DVS  CONSTANT  AT.A  VALUE  OF _ 76.779. 

SURGE  MARGIN^  9.9000 

EFFICIENCY1  87.3900 


PRECISE  FUNCTION  VALUES 
0.99000E+01  0.87390E+02 

BEGIN  ITEPATION  NUMBER  13 

_ NOMINAL  DESIGN  NUMBER  =._17 _ _ 

X-VECTOR 

0.22972E+02  0.14591E*02  0.89970E*01  0.50764E+01 

FUNCTION  VALUES 

0.99000E+01  0.87390E*02 

RESULTS  OP  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

_ -0.538031*00  -0.10465E*00.  0.24495E-01  -0.76386E-0I _ 

X-VECTOR 

0 . C2434E+02  0.14437E+02  0.90215E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 
0.990G6E+01  0 . 87397E*02 

»»»*««  *»***«  »***»»*»»**  *,**»»*»»** 

SET  VANE  1  TO  22.43  DEGREES 

_ SET  VANE  2  TO  ...14.49  DEGREES  . — -  - 

SET  VANE  3  TO  9.02  DEGREES 

_ SET  VANE  4  TO  . 5.00  DECREES  ..._  -  - 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ SURGE  MARGIN:  9.9600  .  -  ..  - - - — - 

EFFICIENCY:  87.3400 

_ _ _ _ _ 

_ PRECISE  FUNCTION  VALUES  _ 

0 . 99SC0E*01  0.87340E+02 

BEGIN  ITERATION  NUMBER  14 
NOMINAL  DESIGN  NUMBER  =  18 
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X-VECTOR 

0.224346*02  0.14487E+02  0.90215E+01 

0.50000E+01 

FUNCTION  VALUFS 

0.99600E*01  0.87340E+02 

RFSULTS  OF  APPPOXIMATF  OPTTMTZATTnN 

DELTA-X  VECTOR 

0 . 106362*00  0.82121E-01  -0.61548E-01 

0 . 20496E-06 

X-VECTCR 

0.22540E+02  0.14569E+02  0.89599E+01 

0.50000E+01 

_ APPROXIMATE. FUNCTION  VALUES _ 

0 . 99602E+01  0.87340E+02 

#*###*#* a#***#*##*#*##*#***#**##* 


1  K 

1  UJ 

I" 

VANE 

T 

TO 

22.54  DEGREES 

SET 

VANE 

2 

TO 

14.57  DEGREES 

SET 

VANE 

3 

TO 

8.96  DECREES 

SET 

VANE 

4 

TO 

5.00  DEGREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 
HOLD  DVS  CONSTANT  AT  A  VALUE  OF  76.779 
SURGE  MARGIN*  10.0300 


EFFICIENCY*  87.3400 
«»***»**#»***»«*«*****»*»**»*«»** 


PRECISE  FUNCTION  VALUES 
_ 0.1C030E+02  0.87340E+02  .  .. 


_ BEGIN  ITERATION  NUMBER  15  - - 

NOMINAL  DESIGN  NUMBER  =  19 

_ X-VECTOR .  _ 

0 . 22540E*02  0.14569E+02  0.89599E+01  0.50000E+01 

FUNCTION  VALUES 

_  0 . 10030E  +  C2  0.87340E+02 . . . 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

-0.65381E+00  0.13942E+00  -0.15637E+00  0.37472E-06 

_ X-VECTOR  .  . .  .  - . — . 

0 . 218C6E+02  0.14700E+02  0.80035E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

_  0. 10335E+02  0.8735CE+02  _ _ _ 

*»<  ****  *<  ****************  K »*«*»**# 


_ SET  VANE  1  TO  ,_21 .89  OEGREES  . 

SET  VANE  2  TO  14.71  OEGREES 
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_ SET. VANE .3..T0 _ 8.80  OEGREES _ 

SET  VANE  4  TO  5.00  DEGREES 

_ HOLD  RPMC  CONSTANT. AT  A  VALUE  OF _ 5567.500 

HOLD  DV3  CONSTANT  AT  A  VALUE  OF  76.779 

SURGE  MARGINS  9.9900 

.  _ EFFICIENCY _ 87.3100 _ 


XKXXKXKXXXKXXXXXKXXXXXKXXKXXKXXXX 


PRECISE  FUNCTION  VALUES 
0.99900E*01  0.87310E+02 


BEGIN  ITERATION  NUMBER  16 
NOMINAL  DESIGN  NUMBER  =  20 

X-VECTOR 

_  0.212S6E+O2  -0.14708E+02  0.88035E+01-  0.50000E*01- - 

FUNCTION  VALUES 

0.99900E+01  0.67310E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ CELTA-X  VECTOR _ _ _ _ 

0.45081E+00  -0.16517E+00  0.65177E-01  0.81430E-06 

X-VECTOR 

_ 0.22337E+02  0.14543E+02  0.8S687E+01.  0.50000E+01 _ 

APPROXIMATE  FUNCTION  VALUES 
0.99925E+01  0.87315E+C2 

_ XXXXXXXXX-S.XXXXXXKXXXXXXXXXXXXXXX _ 


SET  VANE  1  TO  22.34  DECREES 

SET  VANE  2  TO  14.54  DEGREES 

SET  VANE  3  TO  8.87  DEGREES 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOI.O  OVS  CONSTANT  AT  A  VALUE. OF _ 76.779 

SURGE  MARGIN=  10.0900 

EFFICIENCY'S  87.3200 

XXXKXKXXXXKKKXXXXKXXMXXXXXXXXXKXX 


PRECISE  FUNCTION  VALUES 
0.10090E+02  0.67320E+02 


BEGIN  ITERATION  NUMBER  17 

NOMINAL  DESIGN  NUM3ER  _= _ 21 _ 

X-VECTOR 

0.22337E«02  0.14543E«02  0.88687E+01  0.50000E*01 
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FUNCTION  VALUES 

0.10090E402  0.87320E*02 


RESULTS  OF~ APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ ;_0.I5458E+01 _ 0.61068E+00 _ 0.32988E+00 _ 0,50180E-06. 

X-VECTOR 

0.20791E02  0.15154E+02  0.91986E*01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 
0 . 10122E+02  0.87355E+02 

HIM********##*##*##*******)*  ***»«* 


SET  VANE  1  TO  20.79  DEGREES 

_ SET... VANE . 2  TO 15. IS  DEGREES - 

SET  VANE  3  TO  9.20  DEGREES 

_ SET  . VANE  4  TO _ 5.00  DEGREES _ 

HOLD  RrMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  CVS  CONSTANT  AT  A  VALUE  OF  76.779 

_ SURGE.  MARGIN®  .10.0300 _ 

EFFICIENCY3  87.2600 

_ *»**»*#  ***»»**»«***********#*)HI«* _ 


_ PRECISE  FUNCTION  VALUES _ 

0.1C000E*02  0 . 87260E+02 

FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 

NOMINAL  DESIGN  NUMBER  =  21 

X-VECTOR 

0 . 22337E+02  0.14543E+02  0.63687E+01  0.50000E+01 

—FUNCTION  VALUES  . . - _ _ 

0.10090E+02  0.8732 0E*02 

RESULTS  OF  APPROXIMATE  ANALYSIS/'OPTIMIZATION 


*XK**M*««««K»**»*«**«««N«****«*«**«**««»»*«  *«»*«»*»»** 


GLOBAL  LOCATIONS  OF  X-VARIABLES 
12  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS,  F(X) 
6  7 


APPROXIMATION  IS  BASED  ON  22  DESIGNS  ~  ~ 

NOMINAL  DESIGN  IS  DESIGN  NUMBER  21 
VALUES  OF  X-VARIABLES 

0.2234E+02  0.1454E+02  0.8869E+01  0.5000E401 
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w*  '~***r  -.  >  » »»H» Wj .■  » V'  *ggtw» m.wm ■' 


VALUES  OF  FUNCTIONS.  F(XI~ 
0.1CC9E+02  0.8732E*02 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 


PARAMETER  I  =  GLOBAL  VARIABLE  6 
LINEAR  TERMS,  DEL  F 

_ -0.2489E-01_  -0.1656E-01 _ _-0.3135E-01_t0.1033E+00 _ 


NON-LINEAR  TERMS,  H,  BEGINING  WITH  DIAGONAL  ELEMENT 


RON  1 
-0.3420E-01 

_ ROW _ 2 _ 

-0 . 3243E-01 

ROW  3 

_ ?0 . 1605E-01. 

ROW  4 

0.26S7E-01 


PARAMETER  2  =  GLOBAL  VARIABLE  7 

LINEAR  TERMS,  DEL  F _ _ _ _ _ 

0.1970E-01  0.6028E-01  0.4993E-01  0.4308E-01 


_N0N- LINEAR  TERMS, _H,.  BEGINING  WITH  0IAG0NAL. ELEMENT _ 


ROW  1 

-0.2774E-0I 

ROW  2 

-0.1U4E-01 

_ ROW _ 3  .  . . . 

-9.U44E-01 

RC'.l  4 

_ -0.1471E-01  - 


OPTIMIZATION  RESULTS 


_ OBJECTIVE  FUNCTION - 

GLOBAL  LOCATION  6  FUNCTION  VALUE  0.10090E+02 


.DESIGN- VARIABLES - 


0.  V. 

ID  NO. 

-.3 _  1~_ 

2  2 

3  3 

4  4 


GLOBAL  LOWER  UPPER 

VAR.  NO.  BOUS'D  VALUE  BOUND 

- 1 - 0.1Q09CEt02 - 0.22337E+02 - 0.35000E402 

2  0.50000E+01  0 . 14543E+02  0.25000E+02 

3  0.50000E+01  0.68687E+01  0.25000E+02 

4  0.5000CE+01  O.SOOOOE+Ol  0.25000E+02 
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DESIGN  CONSTRAINTS 


GLOBAL  LONER  UPPER 

ID  VAR.  NO.  BOUNO  VALUE  BOUND 

1  7  0.67300E+02  0.67320E+02  0.10000E+04 


«»»«»«»»»  FINAL  SOLUTION  VALUES  •*»«*»«« 

VANE  ANGLE  FOR  VANE  1  IS  22.34  DEGREES 

_ VANE_AN3LE_F0R  .VANE_2_IS _ 14.54  .DEGREES 

VANE  ANGLE  FOR  VANE  3  IS  6.67  DEGREES 

_ VANSL.AN3LE_F0R_VANE.4-IS _ 5. 00. DEGREES 

SURGE  MARGIN3  10.0900 

_ EFFICIENCY3 _ 87.3200 _ 

R PMC  MAS  HELO  CONSTANT  AT  5567.50 

OVS  HAS  HELD  CONSTANT  AT  76.78 

FROGRAM  CALLS  TO  ANALIZ 

ICALC  CALLS 

2  22 

3  1 
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STATOR  VANE  OPTIMIZER 

PROTOTYPE  SOFTWARE  CAPABLE  OF  6UX0IKS  THE  OPTIMIZATION  OF 
STATOR  VANE  AND  BLEED  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 

F'REPAREO  FOR  THE  AIR  FORCE  AERO  PROPULSION  UBORATORY 

UNDER  CONTRACT  F33615-79-C-2013 

BY:’ PRATT  1  WHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  PRODUCTS  DIVISION 


PLEASE  HIT  RETURN  TO  VIEW  OPTIMIZATION  GOAL  MENU 


I  OPTIMIZATION  CONDITICNS  I  CONSTRAINTS  I 


NO 

I 

GOAL 

I 

RFMC 

WC 

FR 

ovs 

O.L. 

I 

S.M. 

I 

EFF 

I 

1 

I 

EFF 

I 

X 

- 

- 

X 

_ 

1 

- 

I 

- 

I 

•S 

b 

I 

EFF 

I 

X 

- 

- 

- 

X 

1 

- 

I 

- 

I 

3 

I 

EFF 

I 

- 

X 

X 

- 

- 

I 

- 

I 

- 

I 

4 

I 

EFF 

I 

X 

- 

- 

X 

- 

I 

MIN 

I 

- 

I 

5 

I 

EFF 

I 

X 

- 

- 

- 

X 

I 

MIN 

I 

- 

I 

6 

T 

EFF 

I 

- 

X 

X 

- 

- 

I 

MIN 

I 

- 

I 

7 

i 

S.M. 

I 

X 

- 

- 

X 

- 

I 

- 

I 

- 

I 

3 

i 

S.M. 

I 

X 

- 

- 

- 

X 

I 

- 

I 

- 

I 

9 

i 

S.M. 

I 

- 

X 

X 

- 

- 

I 

- 

I 

- 

I 

10 

i 

S.M. 

I 

“X 

- 

X 

I 

- 

I 

MIN- 

I 

11 

i 

S.M. 

I 

X 

- 

- 

- 

X 

I 

- 

I 

MIN 

I 

12 

i 

S.M. 

I 

- 

X 

X 

- 

- 

I 

- 

I 

MIN 

I 

13 

i 

SM/BLD 

I 

X 

X 

- 

- 

• 

I 

- 

I 

- 

I 

14 

I 

MAX  t:c 

r 

X 

- 

- 

- 

X 

1 

MIN 

I 

KIN 

I 

15 

i 

MIN  WC 

i 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

16 

I 

FR 

i 

X 

X 

- 

- 

- 

I 

MIN 

I 

MIN 

I 

_  17  I  PR  IX  -  -  X  I  MIN  I  MIN  I _ _ 

YOU  HAVE  SELECTED  TO  MAXIHIZE  CORRECTED  FLOW  HOLDING  . 

CORRECTED  SPEED  (RPMC)  AND  OPERATING  LINE  COL)  CONSTANT 

WHILE  CONSTRAINING  SURGE  MARGIN  AND  EFFICIENCY  TO  MINIMUM- VALUES 
HOLD  RPMC  CONSTANT  AT  5567.500 

HOLD  OL  CONSTANT  AT  76.779 

_  OPTIMIZING  4  VANE  ANGLE! S )  _ 

LCNER  SOUND  FOR  VAN'S  1  IS  '10.000 
DO  YC'J  AGREE?  <Y/N> 

LONER  BOUND  FOR  VANS  2  IS  5.000 
DO  YOU  AGREE?  (Y/N) 

LCNER  POUND  FOR  VANE  3  IS  '  5.000 

DO  YOU  AGREE?  (Y/N) 

LCNER  SOUND  FOR  VANE  4  IS  5.000 
DO  YOU  AGREE?  (Y/N) 

UPPER  BCUNO  FOR  VANE  IIS  35.000 
DO  YOU  ACREE?  (Y/N) 

UPPER  SOUND  FOR  VANE  2  IS  25.000 
00  YOU  AGREE?  (Y/N) 


UPPER  BCUNO  FOR  VANE  3  IS  25.000 
00  YC'J  AGREE?  (Y/N) 

UPPER  SOUND  FOR  VANE  4  IS  25.000 

DO  YC’J  AGREE?  (Y/N)  _  _ _ 

LONER  EOUND  VALUE  FOR  SM  IS  6.500 

UPPER  SOUND  VALUE  FOR  SM  IS  100.000 

LONER  EOUND  VALUE  FOR  EFF  IS  87.000 

UPPER  EOUND  VALUE  FOR  EFF  IS  1000.000  _ 

INCREMENTAL  VANE  ANGLE  VALUE  FOR  INITIAL  VANE  SETTING  IS  -2.00 
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nne 


CONTROL  parameters; 

CALCULATION  CONTROL.  NCALC  *  6 
NUM3ER  OF  GLOBAL  DESIGN  VARIABLES. _  NOV  »  _4 
NUMBER  OF  SENSITIVITY  VARIABLES,  NSV  «'  0 
NUMBER  OF  FUNCTIONS  IN  TWO-SPACE,  N2VAR  »  0 
NUMBER  OF  APPROXIMATING  VAR.  NXAFRX  *  4 
INPUT  INFORMATION  PRINT  COOE,_  _ IFNPUT  a  _  1 
DEBUG  PRINT  CODE,  IPOBG  *  ~0 


CALCULATION  CONTROL,  NCALC _ 

VALUE  MEANING 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

_  3 _  SENSITIVITY 

4  TWO-VARIABLE  FUNCTION  SPACE 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


*  *  OPTIMIZATION  INFORMATION  _ 

GLOBAL  VARIABLE  NUMBER  OF  OBJECTIVE  *  6 

MULTIPLIER  (NEGATIVE  INDICATES  MINIMIZATION*  *  0.1000E*01 

CONMIN  PARAMETERS  (IF  ZERO.  CONMIN  DEFAULT  MILL  OVER-RIDE) 

IPRINT  ITMAX  ICNDIP  NSCAL  ITRM  LINOS  J  NACMX1  NFDG 


5  _ 20 _  S  _  0 _ I . 0  _  10  . .  0 


FOCH  FOCHM  CT  CTMIN 

0 . 10300E-01  0.10COCE-02  -0.50000E-01  0.40000E-02 

CTL  ~  CUMIN  THETA  PHI 

-O.lOOrOE-Ol  0.100C0E-02  0 . 10000E+01  0.0 

_ DELFUN  _  OAOFUN _ ALPHA.  _ ABCSJ1 

0.10000E-02  ~0.0  . 0.100C0E+00  O.IOCOOE+OO 

DESIGN  VARIABLE  INFORMATION 

_ NON-ZERO  INITIAL  VALUE  MILL  OVER-RIDE  MODULE  INPUT 

D.  V.  '  LONER  UPPER  INITIAL  "  ~ 

NO.  BCUND  BOUND  VALUE  SCALE 


1  O.IOOOCE402  0.350C0E*02  0.27000E*02  0.0 

2  _ O.SOOOCE+Ol  0.250005*02  _  0.16000E*02 _ 0.0 

3  0.50000E+0X  '  0.250C0E*02  "  0.13000E+02  0.0 

4  0.500006401  0.23000E+02  0.90000£*01  0.0 


*  DESIGN  VARIABLES 

0.  V.  GLOBAL 
ID  NO.  VAR.  NO. 

1 _ 1 _ 1 _ 

22  2  0.10000E+01 

33  3  0. 10000E+01 

44  4  O.IOOOOE+OX 


MULTIPLTING 

FACTOR 

0.10000E+01 
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CONSTRAINT  INFORMATION 


THERE  ARE  2  CONSTRAINT  SETS  _ 

GLC3AL  GLOBAL  LINEAR  LONER 

10  VAR.  1  VAR.  2  10  BOLD  JO 

1660  0.85000E+01 

_ J _ 7 _ 7 _ 0 _ 0.B7000E+02 

TOTAL  NUMBER  OF  CONSTRAINEO  PARAMETERS  =  2 


NORMALIZATION  UPPER  NORMALIZATION 

FACTOR  BOUND  FACTOR 

0 .85G00E+01  0.10000E+03  0.10000E+03 

_ 0 .87000E+02 _ 0 . 100C0E+04  ..  0 . 10000E+04 


»  »  APPROXIMATE  ANALYSIS/OPTIMIZATION  INFORMATION 


NUMBER  OF  FUNCTIONS  APPROXIMATED ,  NF  = _ 0 

NUMBER  OF  INPUT  X-VECTC9S,  NPS  =  5 
NUMBER  OF  INPUT  X-F  PAIRS.  NPFS  =  0 
X-VECTCR  FROM  ANALIZ.  MPA  =  0 

NOMINAL  DESIGN,  _ INCM  = _ 0 

READ  UNIT  FOR  X-VECTCSS.  ISCRX  s  5 
REAO  UNIT  FOR  X-F  PAIRS,  ISCRXF  =  S 
PRINT  CONTROL,  IPAFRX  =  I 


MINIMUM  AFPPOXIMATINS  CYCLES,"  KMIN 
MAXIMUM  APPROXIMATING  CYCLES,  KMAX 
MAXIMUM  DESICN5  USED  VI  FIT,  NP.MAX 
NOMINAL  DESIGN  PARAMETER,  _  JNCM 
X-LCCATION  INPUT  PARAMETER,  INXLCC 
F- LOCATION  INPUT  PARAMETER,  INFLCC 
TAYLER  SERIES  1.0.  CODE,  MAXTRM 


OELTA-X  COUNOS  FOR  APPROXIMATE  OPTIMIZATION 
0.2000E+01  0.CCC0E+01  O.2CO0E+01  O.23C0E+OI 

MULTIPLIER "CM  CELX,  XFACTI  =  0.IS00E+01 

MULTIPLIER  ON  CELX,  XFACT2  =  0.200CE+0! 


"GLOBAL  LOCATIONS  OF  X- VARIABLES 
12  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS 
0  6  7 


X-VECTCRS  INPUT  FROM  UNIT  5 


NUMBER  1  DESIGN  1 

0. 2903E+02  0. 1800E+02  0. 1500E+02  0.1100E+02 


NUMBER  2  OESISN  2 


0 . 270CE*02  0.1800E+02 


NUMBER  3  OESIGN 
0.2703:>02  0.1600E+02 


NUMBER  4  OESIGN 
O.C7C0E«02  0.1600E+02 


NUIIBER  5  OESIGN 
0.270CE»02  0.1600E«02 


O.1S00E+02  0.X100E+O2 

3 

0.1500£*02  0 . 1100E+02 

4 

0.1300E+02  0.1100E*02 

5 

0 . 1300E+02  0.9000E+01 
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•  «  ESTIMATED  OATA  STORAGE  REQUIREMENTS 


| 


REAL 

INTEGER 

INPUT 

EXECUTION 

AVAILABLE 

INPUT 

EXECUTION  AVAILABLE 

41 

355 

5000 

30 

76  1000 

t**tf**K 

»*«****»**« 

HHflf 

SET  VANE  1  TO  29.00  OEGREES 

SET_VANE  2  TO _ IS. 00  DEGREES 

SET  VANE  3  TO  15.00  DEGREES 
SET  VANE  4  TO  11.00  DEGREES 


HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 
HOLO  OL  CONSTANT  AT  A  VALUE  OF  76.779 
CORRECTED  FLO-.!*  77.5200 


SURGE  MARGIN1  8.2600 
EFFICIENCY1  87.1400 


*«K*>l*«««««»*«»««**»i*»****» 


_ _ SET  VANE  1  TO  27.00  OEGREES _  _ 

SET  VANE  2  TO  18.00  OEGREES 

_ SET  VANE  3  TO  15.00  DEGREES _ _ _ 

SET  VANE  4  TO  11.00  OEGREES 

_  HOLD  RPMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

!  COLO  OL  CONSTANT  AT  A  VALUE  OF  *  "  76.779" 

CORRECTED  FLOVi=  78.4100 

_ SURGE  MARGIN*  8.7700  _ _ 

EFFICIENCYs  87.3200 

*•«•«««*««****«****«*««•««««*«««« 


fftfllMtf  ****K****«ff#**ff*tt«*tt*KK****» 


SET  VANE  1  TO  27.00  DEGREES 

_ SETVAHE2TO _ 16.00  OEGREES _ 

SET  VANE  3  TO  IS. 00  OEGREES 

_ SET_VANE  4_T0  _11. 00  OEGREES _ 

HOLO  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  OL  CONSTANT  AT  A  VALUE  OF  76.779 

_ CORRECTED  FLON=  70.7800 _ _ 

SURGE  MARGIN*  8.6100 

_ EFFICIENCY* _ 87.2500 _ 

»««*«**<>  *«»*»*»KK*»*»**»WK«*«lMi*« 


I 

-  •  i 
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«««K«****N**tt*M*£ii**»*****<iitft«i<*« 

_ SET  VANE  1  TO  27.00  DEGREES _ 

SET  VAN'S  2  TO  16.00  DEGREES 

SET  VAN'S  3  TO  1 3.0 0_DEGR E ES _ 

SET  VAN'E  6  TO  11.00  DEGREES 

_ HCLD  RPMC  CONSTANT  AT  A  VALUE  OF _ 5567.500 

HOLD  CL  “CONSTANT  AT  A  VALUE  CF  '  76.779 

CORRECTED  F LOW3  79.1900 

SURGE  MARGIN- _ 6^9700 _ 

EFFICIENCY3  87.3000 

*«**K*«****«W«K»*K»«»K«**tt*#»»**» 

****** tf*X*tt****K*****M*«* 


SET  VANE  1  TO  27.00  DEGREES 

SET  VANE  2  TO  16 .  OOJJEGREES _ _ 

SET  VANE  3  TO  13.00  DEGREES 

SET  VANE  4  TO  9.00  0E6RESS _ 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CL  CONSTANT  AT  A  VALUE  OF  76.779 

_ CORRECTED  FLOW*  79.9900  ..  .  ..  _ 

SURGE  MARGIN3  9.2000 

EFFICIENCY3  87.3300  _  _ 

********************************* 

APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 

APPROXIMATING  FUNCTION  1  IS  THE  OBJECTIVE 

““APPROXIMATING  FUNCTIONS  ASSOCIATED  KITH  CONSTRAINTS  .  . 

2  3 

DESIGN  VARIABLE  NUMBERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES'  ' 
12  3  4 


BEGIN  ITERATION  NUMBER  1 
NOMINAL  DESIGN  NUMBER  3  5 

X-VECTOR 

0.27000E+02  0.16000E+02  0.13000E+02  0.90000E«01 

FUNCTION  VALUES  . -  -  - 

0.79493E+02  0.92000E+0I  0.87330E»02 

RESULTS  OF  APPROXIMATE  OPTIMIZATION  .  ~  " 

OELTA-X  VECTOR 

-0.20000E*OI  -0.20000E+01  -0.20000E+01  -0.20000E+01 
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X-VECTCR 

0.25000E+02  0.14000E+02  0.11000E+02  0.70000E+01 

APPROXIMATE  FUNCTION  VALUES 

0.81460E+02  0 . 10120E+02  0.87520E+02 


SET  VANE  1  TO  25.00  DEGREES 
SET  VANE  2  TO  14.00  DEGREES 


SET  VANE  3  TO  11.00  DEGREES 
SET  VANE  4  TO  7.00  DEGREES 


HOLD  RrNC  CONSTANT  AT  A  VALUE  OF  5567. 500 
HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 
CORRECTED  FLOW*  81.2300 


SURGE  MARGIN5  9.6700 
EFFICIENCY5  87.4000 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


FRECISE  FUNCTION  VALUES 

0.8126CE+02  0 . 96700E+01  0.07400E+02 

BEGIN  ITERATION  NUMBER  2 
NOMINAL  DESIGN  NUMBER  5~'  6 
X-VECTCR 

_  O.CS3C0E+O2  0 . 14000E+02  _  0 . 11000E+02  ..  0 . 70000E*01 


FUNCTION  VALUES 

O.312COE+02  0 . 96700E+01  0.07400E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
_ DELTA-X  VECTOR 

-0 . 19 352E+01  -0.12170E+01  -0.20000E+01  -0.20000E+01 
X-VECTOR 

_ 0 . 23C65E+02  0.12783E*02  0.90000E+01__0.50000E*01,. 

APPROXIMATE  FUNCTION  VALUES 

0.82731E+02  0.9S947E+01  0.87381E+02 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX* 


SET  VANE  1  TO  23.06  DEGREES 

SET  VANE  2  TO  12.78  DEGREES 

SET  VANE  3  TO  9.00  OEGREES 

SET  VANE  4  TO  5.00  DEGREES 

HOLD  PFHC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CCN3TANT  AT  A  VALUE  OF  _  __  76.779 
CORRECTED  FLCN5  82.7400 

SURGE  MARGIN5  9.9900 

EFFICIENCY5  87.2500 
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PRECISE  FUNCTION  VALUES 
_0.3S740E*02  0.99900E+OX  _0.«?C50E*02 


BEGIN  ITERATION  NUMBER _ 3 _ 

NOMINAL  DESIGN  NUM8ER  =  7 

X-VECTOR  _  _  _  _ 

0 .23065£»02  0.12763E+02  0.90000E+01  O.5O0DOE*Ol 

FUNCTION  VALUES 

0.82740E+02  0 . 99900E+01  C.87250E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 


OPTIMIZATION  HAS  PRCCUCCD  AN  X-VECTOR  WHICH  IS  THE  SAME  AS  A  PREVIOUS  DESIGN 
_ DELTA-X  VECTOR 

O.CADSOE-Ou  -9.5619SE-05  -0.40702E-05  -D.291S0E-05  " 

X-VECTCR 

_  0.2I365E*02  O.12733E+02  0. 90000E+01 0 .50000E+01 _ _ 

THE  FOLLOWING  DESIGN  IS  NOT  THE  APPROXIMATE  OPTIMUM 
OELTA-X  VECTOR 

0.6CC31E-01  0.59994E-01  0.39996E-01  0.19997E-01 

X-VECTCR 

_ 0.23I25E+02  0.12843E+02  0 . 90400E+01  _ 0 -50200E* 01  _ _ 

APPROXIMATE  FUNCTION  VALUES 

0.£27C4E»02  0.9997CE+01  0.87256E+02 

m******:****##*)*******#*****#****!* 


SET  VANE  1  TO  23.12  DEGREES 

SET  VANE  2  TO  "  12.64  DECREES 

SET  VANE  3  TO  9.04  DECREES 

— SET  VANE  4  TO  ~  5.02  DEGREES 

HOLD  RRMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CL  CONSTANT  AT  A  VALUE  OF _  76.779 

CORRECTED  FLO.'*  62.7100 

SURGE  MARGIN*  9.9700 

Efficiency*  87;2600 

**»»»#*» 


PRECISE  FUNCTION  VALUES 

O.CE710E»02  0.99700E+01  0.87Z60E+02 
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BEGIN  ITERATION  NUMBER  4 


NOMINAL  DESIGN  NUMBER  =  8 

X-VECTOR 

0.23125E+02  0.12843E*02  0~.'90400E*01‘  OlSOZOOE+Ol 

FUNCTION  VALUES 

0.32710E+02  0 . 99700E+01  0.87260E+02 _ 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR  " 

0.27335E*00  -0.10000E*01  -0.49622E+00  -0.20002E-0! 

_ X-VECTCR  ....... 

0 . 23400E*02  0.11343E+02  0.S5438E+01  0.50000E*01 

APPROXIMATE  FUNCTION  VALUES 

0.33101E*02  0 . 65726E+01  0.87614E+02 _ 

•«>»***»»**»***»>•******(»« 


SET  VANE  1  TO  23.40  DEGREES 
SET  VANE  2  TO  11.84  DEGREES 

SET  VANE  3  TO  _  8.54  DEGREES _ 

SET  VANE  4  TO  5.00  DEGREES 

HOLO  PFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLC  OL  CONSTANT  AT  A  VALUE  OF  76.779 

CORRECTED  FLCX=  62.8800 

SURGE  MARGIN-  10.1000  _ _  _ _ _ 

EFFICIENCY:  67.2000 


•XXK»**  K*X»X**  *»!(»****«*<!«**#*#** 


PRECISE  FUNCTION  VALUES 

0.82850E+02  O.I0100E+02  0.87200E+02 


BEGIN  ITERATION  NUMBER . ‘5  . 

NOMINAL  OESIGH  NUN3ER  =  9 

"X-VCCTCR 

0.23400E+02  0.11343E+02  0.65433E*01  0.500C0E+01 

FUNCTION  VALUES  _  _  _ 

■"  0.O2C00E+02  0.10100E+02  0.87290E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 


OELTA-X  VECTOR 

-0.67223E+00  -0.30000E*01  0.35910E+00  0.48671E*00 

X-VECTCR 

0.22728E+02  0.8S430E*01  0.89029E+01  C.54067E+01 

APPROXIMATE  FUNCTION  VALUES 


148 


0.833G4E*02  0.85494E*01  0.87775E+02 

#*ttl*itlHtKitit*r*»*ltlt**itlltHtlHt*l*#im**it* 

SET  VANE  i  TO  22 . 73  DEGREES 

SET  VANE  2  TO  8.84  DEGREES 

SET  VANE  3  TO  8.90  DEGREES 

SET  VAHE  4  TO  5.49  DEGREES 

HOLD  RFMC  CONSTANT  AT  a  VALUE  OF  5567.500 

HOLO  CL  CONSTANT  AT  A  VALUE  OF  76.779 

CORRECTED  FLCH3  83.3600 

SURGE ‘MARGINS  ~  9.9100  .  . 

EFFICIENCY3  87.0000 


'PRECISE  FUNCTION  VALUES 

0.S3360E+02  0.99100E»01  0.87000E+02 


EEGIN  ITERATION  NUM3ER  6 

NOMINAL  DESICM  NUMBER  =_  10 _ _ 

X-VECTCR 

0 . 2C72SE+02  0.83430E+OI  0.89029E+0!  0.54867E+0I 

FUiXTIC;  I  VALUES"  "  ‘  . . 

0.83360E»02  0.99100E*0!  0.37000E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DcLTA-X  VECTOR 

0.33733E+00  -0.12499E*01  -0.30012E-OI  -0.48670E*00 


X-VECTCR 

0 . E3116E+C2  0 . 75931E*01  O.C8209E+01  0.50000E+01 

”  APPROXIMATE  FUNCTION  VALUES  . . . ~ 

0.83616E*02  0.85963E+01  0.87463E+02 

It  #«*  xtt  x  ;;****)t**>fK«#*tf*K**#* 


SET  VAN'S  1  TO  23.12  DEGREES 
SET  VANE  2  TO  7.59  DEGREES 


SET  VANE  3  TO  8.82  DEGREES 
SET  VANE  4  TO  5.00  DEGREES 


HOLD  RFMC  CONSTANT  AT  A  VALUE  OF 
HOLD  OL  CONSTANT  AT  A  VALUE  OF 
_ CORRECTED  FLCW=  83.4000 

SURGE  MARGIN3  10.0300 

EFFICIENCY3  86.9200 

»»»**»»«  «*ft**»N****NW*»»lt*K*H««l>» 


5567.500 

76.779 
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PRECISE  FUNCTION  VALUES 

0.83480E+0r  0 . I0030E+02  0.86920E+02 


BEGIN  ITERATION  NUMBER  7 

NOMINAL  DESIGN  NUMBER  =  il 
X-VECTCR 

_  0.23116E+02  0.75931E+01  0.68209E+01  0.50000E+01 

FUNCTION  VALUES 

0.83430E+02  0.10030E+02  0.86920E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

"  -0.24252E+01  0.21607E+01"  -0.30000E+0l”0.0 


X-VECTCR 

_ 0.2C631E+02 _ 0. 97537E+01 _ 0.58209E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

0.8V;24E  +  02  0. 986532+01  0.86752E  +  02 

**«*  +  *:.  uvr  «**»  kkkkkm  ******  ******  * 


SET  VANE  1  TO  20.63  DEGREES 
SEfVAN  2  TO  9.75  DEGREES' 

SET  VANE  3  TO  5.82  DEGREES 

SET  VANE  4  TO  5.00  DECREES' 


HOLD  RFNC  CONSTANT  AT  A  VALUE  OF  5567.500 
HOLD  CL  CONSTANT  AT  A  VALUE  OF  76.779 
CORRECTED  FLON=  84.310C 


SURGE  MARGIN=  10.0500 
EFFICIENCY:  86.8000 


FRECISE  FUNCTION  VALUES 

0.S4310E+02  0.10050E+02  0.86800E+02 


BEGIN  ITERATION  NUMBER  8  ..  .  .  . . . 

NOMINAL  DESIGN  NUMBER  =  12 

X-VECTOR 

0.28631E+02  0 . 97537E+0I  0.56205E+01  0.50000E+01 

FUNCTION  VALUES 

0.84310E+C2  0.1005CE+02  0.86800E+P2 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 


DELTA-X  VECTOR 

0 . 35367E+00  0.21365E+00  -0.82088E+00  0.53036E-07 

_ X-VECTCR 

0 . 207-C6E+02  0.99674E+01  0.50000E+01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

0.84331E+02  0 . 10385E+02  0.86806E+02 _ 

******;=*■:*>.  ><  x  **********  ******** 
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_ SET  VANE  1  TO _ 20.990EGRECS _ 

SET  VANE  2  TO  9.97  DEGREES 

_ SET_V,  3  TO _ 5.00  DEGREES _ 

SET  VANE  4  TO  5.00  OEGREES 

HOLD  fiPMC  CONSTANT  AT  A  VALL'F  OF _ 5567.500 

HOLD  CL  CONSTANT  AT  A  VaLUE  OF  76.779 

CORRECTED  FLCU3  4'  31C0 

_ SURGE  MARGIN3 _ 10 . 1400 _ 

EFFICIENCY3  86.7300 


»**«»»«»<  OHfktHHtkKktH**)**1*  »»*»**»** 


PRECISE  FUNCTION  VALUES 
~  0.£>4310E*02  0.10140E+02  0.66780E+02 


BEGIN  ITERATION  HUMBER  9" 
NOMINAL  DESIGN  NUMBER  3  13 


X-VECTCR 

0 . L0906E+O2  0.99674E+01  0.50000E+01  C.50000E+01 

FUNCTION  VALUES 

0.843I0EF02  0.10140E+02  0.86780E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

DELTA-X  VECTOR 
-O.'JCSASE+OO  0. 34120E+00  0.85419E+00  0.12793E-05 


X-VCCTCR 

0.2C3S1E+02  0.10309E+02  0.53S42E+01  0.50000E*01 

_ APPROXIMATE  FUNCTION  VALUES  _  _ 

0.e-,3;-',E+02  0.98981E*CI  0.86785E*02 

**««*«** 


SET  VANS  1  TO  20.08  DECREES 

SET  VANE  2  TO  10.31  DECREES 

SET  VANE  5  TO  5iC5  DEGREES 

SET  VANE  4  TO  5.00  DECREES 

HOLD  "PNC  CONSTANT  AT  A  VALUE  OF 
HOLD  CL  CONSTANT  AT  A  VALUE  OF 
CORRECTED  FLCM3  84.3900 

SURGE  MARGIN3  "  10 ^ 1900 

EFFICIENCY®  86.8100 

"kkkTi***!-  ****»»>*)(»»**«»<***»  in* 


5567.500 

76.779 


PRECISE  FUNCTION  VALUES 

0.84390E*02  0.10190£t02  0.8681CE+02 
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FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 

NOMINAL  DESIGN  NUMBER  =  14 

X-VECTGR  . . .  ” 

0.20031E+02  0.10309E*02  0.56542E+01  0.50000E+01 

FUNCTION  VALUES  . . . . 

O.C4390E+02  0.10190E+62  0.86810E+02 

RESULTS  OF  APPROXIMATE  ANALYSIS/OPTIMIZATION 

_TITLE _ _ _  _ 

«»**««**«*«*k*«**x***«*«km***«««*«**«**«k*kk«*w««« 


GLOBAL  LOCATIONS  OF  X-VARIABLES 
12  3  4 


GLOBAL  LOCATIONS  OF~  FUNCTIONS,  FIX) 
8  6  7 


APPROXIMATION  IS  BASED  ON  14  OESIGNS 
NOMINAL  DESIGN  IS  DESIGN  NUMBER  14 
VALUES  OF  X-VARIABLES 

0 . 2008E+02  0.1031E+02  0.5854E+01  0.5000E+0I 


VALUES  OF  FUNCTIONSrF(X) 

0.3439E*02  0.1019E+02  0.8681E+02 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 


parameter  i  V  global" variable  8 

LINEAR  TEPUS,  DEL  F 

_ M) . 2423E+00  -0 . 1361E+00 _ -0.123CE+00 _ -0.1432E+00 


NON-LINEAR  TERMS,  H,  BEGINING  WITH  DIAGONAL  ELEMENT 

PON  1 
-0. 24S1E-0I 

RON  2 

-0. 7663E-02 

ROW  3 

-0 . 1002E-CI  _ 


ROW  4 

-0. 1176E-02 


PARAMETER  2  =  GLOBAL  VARIABLE  b 
LINEAR  TERMS,  DEL  F 

-0.2136E-01  0.1367E-01  0.1433E-01  -0  .'9647E-02 

NON- LINE AR_TERM5,  H^JBEGINING  WITH  DIAGONAL  ELEMENT _ 
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ROM  1 
-0.2248E-01 

RON  2 
-0.5767E-02 

ROM  __  3 
-0.1213E-0i 

ROW  4 
_ -0. 1417E-01 


PARAMETER  3  =  GLOBAL  VARIABLE  7 

LINEAR  TERMS.  DEL  F  ~ . 

0 . 7S52E-01  0.6521E-01  0.7303E-0X  0.2221E-01 


TiOfi-LINEAR  TERMS.  H,  BEGINIHS  WITH  DIAGONAL  ELEMENT 
ROU  1 

_ -0.2104E-91 _ 

ROU  2 
-0.464SE-02 

ROM  3 

-0.1203E-01 

RON  4 _ _ 

"  -0.9592E-02 

OPTIMIZATION  RESULTS 


OBJECTIVE  FUNCTION 

GL03AL  LOCATION  6  FUNCTION  VALUE  0.84390E+02 


OESIGN,VARIABLES  . 

0.  V.  GLOBAL 
10  HO.  VAR.  HO. 

_ 1 _ l  __  1 

2  2  2 

3  3  3 

4  4  4 


DESIGN  CONSTRAINTS 

. .  GLOBAL  LCNER 

ID  VAR.  NO.  ECU' <0  VALUE 

1  6  0.05003E+01  0.1C190E+02 

3  7  0.070005*02  0.060105*02 


FINAL  SOLUTION  VALUES  ******** 


VANE  Arntt  FOR  VANE  1  IS 
VANS  ANCLE  FOR  VANE  2  13 
VANE  ANGLE  FCR  VANE  3  IS 
VANE  ANCLE  FCR  VANE  4  13 


20. OS  DEGREES 
10.31  DEGREES 
S.05  DEGREES 
5.00  DEGREES 


UPPER 

ECJNO 

0 .100005*03 
0.10000E*04 


LOWER 

COUNT) 

0 . 10000E*02 
0.500005*01 
0.500005*01 
0.500005*01 


VALUE 

0.200C1E+02 

0.10309E+02 

0.56542E+01 

0.500005*01 


UPPER 

BOUND 

0 . 35000E*02 
0.250005+02 
0.250005+02 
0.Z5000E+02 
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CORRECTED  FLOW3  64.3900 


-EFFICIENCY: 
SURGE  MARGIN: 


86.6100 

10.1900 


RPHC  WAS  HELD  CONSTANT  AT 
OL  MAS  HELD  CONSTANT  AT 


5567.50 

76.78 


PROGRAM  CALLS  TO  ANALIZ 

ICALC  CALLS 

1  _  1 _ 

2  14 

3  1 
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STATOR  VANE  OPTIMIZER 

•*ft*««»*M«*««**»**«** 

.PROTOTYPE .SOFTWARE  CAPABLE  OF  GUIDING. THE  OPTIMIZATION  OF _ 

STATOR  VANE  AND  BLEED  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 


PREPARED  ?CW”THE  AIR  FORCE  AERO~PRORji.sicN  LABORATORY 

UNDER  CONTRACT  F3361S-79-C-2013 

BYi  PR  ATT  A  llH  ITNEr  AIRCRAFT  GROUP 
GOVERNMENT  F"CDUCTS  DIVISION 


PLEASE  HIT  RETURN  TO  VIEW  OPTIMIZATION  GOAL  MENU 


I  OPTIMIZATION  CONDITIONS  I  CONSTRAINTS  I 


NO 

I 

GOAL 

I 

RFMC 

wc 

PR 

CVS 

O.L. 

I 

S.M. 

I 

EFF 

I 

1 

I 

EFF 

I 

X 

_ 

_ 

X 

_ 

I 

_ 

I 

I 

2 

I 

EFF 

I 

X 

- 

- 

- 

X 

I 

- 

I 

- 

I 

3 

I 

EFF 

I 

- 

X 

X 

- 

- 

I 

- 

I 

- 

I 

4 

1 

EFF 

I 

X 

- 

- 

X 

• 

I 

MIN 

I 

- 

I 

5 

I 

EFF 

I 

X 

• 

- 

- 

X 

I 

MIN 

I 

- 

I 

6 

I 

EFF 

I 

- 

X 

X 

- 

- 

I 

MIN 

I 

- 

I 

7 

I 

S.M. 

I 

X 

- 

- 

X 

• 

1 

- 

I 

- 

I 

8 

I 

S.M. 

I 

X 

- 

- 

- 

X 

1 

- 

I 

- 

I 

9 

I 

S.M. 

I 

- 

X 

X 

- 

- 

I 

- 

I 

- 

I 

10 

I 

S.M. 

I 

X 

• 

- 

X 

- 

I 

- 

I 

MIN 

I 

11 

I 

S.M. 

I 

X 

- 

- 

- 

X 

I 

- 

I 

MIN 

I 

12 

I 

S.M. 

I 

- 

X 

X 

- 

- 

I 

- 

I 

MIN 

I 

13 

I 

SM/BLO 

I 

X 

X 

- 

- 

- 

I 

- 

I 

- 

I 

14 

I 

MIX  UC 

I 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

15 

I 

MIN  UC 

I 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

16 

I 

FR 

I 

X 

X 

- 

- 

- 

I 

MIN 

I 

MIN 

I 

17  1  FR  I  X  _  -  -  X  I  MIN  I  MIN  _  I _ 

YOU  HAVE  SELECTED  TO  MINIMIZE  CORRECTED  FLOW  HOLDING 

CORRECTED  SPEED  (RFMC)  AND  OPERATING  LINE  (OL)  CONSTANT 

TfHILE  COtiSTRAiNiNiTSURGE  MARGIN  ANtf  EFF ICI ENC V  TO  MINIMUM  VALUES 
HOLO  RPMC  CONSTANT  AT  5567.500 

HOLD  OL  CONSTANT  AT  76.779 

OPTIMIZING  4  VANc  ANGLE(S) _  _ 

LONER  POUND  FOR  VANE  1  IS  10.000 
DO  YO'J  AGREE?  (Y/NI 
LONER  BOUND  FOR  VANE  2  IS  5.000 

CO  YOU  AGREE?  (Y/N) _ _ 

'  LONER  CCUND  FOR  VANE'  S  IS  5.000 
DO  YOU  AGREE?  (Y/N) 

LONER  BOUND  FOR  VANE  4  IS  5.000 

DO  YOU  AGREE?  (Y/N) _ _ _ 

UPPER  BOUND  FOR  VANE' 1  IS  '  35.000 
DO  YOU  AGREE?  (Y/N) 

UPPER  BOUND  FOR  VANE  2  IS  25.000 

00  YOU  AGREE?  (_Y/N) _ 

UPPER  BOUND  FOR  VANE  3  IS  25.000 
DO  YOU  AGREE?  (Y/N) 

UPPER  BOUND  FOR  VANE  4  IS  25.000 

DO  YOU  AGREE?  (Y/N)  _  _ _ 

LONER  BOUND  VALUE  FOR’  Sit  IS  8.500 

UPPER  BOUND  VALUE  FOR  SM  IS  100.000 

LONER  BOUND  VALUE  FOR  EFF  IS  87.000 

UPPER  EOIVD  VALUE  FOR  EFF  IS  1009. 000 _  _  _ 

INCREMENTAL  VANE  ANGLE  VALUE  FOR  INITIAL  VANE  SETTING  IS 


-2.00 


r 


TITLE! 


CONTROL  PARAMETERS} 

CALCULATION  CONTROL.  NCALC  =  6 

NUMBER  OF  GLOBAL  DESIGN  VARIABLES,  NDV_= _ A 

NUMBER  OF  SENSITIVITY  VARIABLES,  NSV  =  0 

NUM3ER  OF  FUNCTIONS  IN  TWO-SPACE,  N2VAR  =  0 

NUMBER  OF  APPROXIMATING  VAR.  NXAPRX  =  4 

INPUT  INFORMATION  PRINT  CCOE, _ IFNPUT  = _ 1 

DEBUG  PRINT  CODE,  IPOBS'=  0 


CALCULATION  CONTROL,  NCALC _ 

VALUE  MEANING 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

_ 3 _ SENSITIVITY  __ 

4  TUG-VARIABLE  FUNCTION  SPACE 

5  OPTIMUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


*  *  OPTIMIZATION  INFORMATION 


GLOBAL  VARIABLE  NUMBER  OF  OBJECTIVE  =  8 

MULTIPLIER  (NEGATIVE  INDICATES  MINIMIZATION)  =  -O.IOOOE+Ol 

COI RUN  PARAMETERS  ( IF  ZEROT  CONMIN  DEFAULT  WILL  OVER-RIDE ) 

IFRINT  ITMAX  ICNDIR  NSCAL  ITRM  LINOBJ  NACMX1  NFDG 

_ 5 _ 20 _ 5 _ 0 _ 3 _ 0 _ 10 _ 0 _ 

FOCH  FOCHM  CT  CTMIN 

0 . 10000E-01  0.10000E-02  -0.50000E-01  0.40000E-02 

"fctL  CTLMIN  THETA  PHI 

-0 . 10000E-01  0.10CCSE-02  0.10000E+01  0.0 

OELFUN  OABFUN  ALPHAX  ABOBJ1 

0.I0000E-02  0.0  ‘  O.IOOOOE+OO  0.10000E+00 

DESIGN  VARIABLE  INFORMATION 


NON- 

ZERO  INITIAL  VALUE 

WILL  OVER-RIDE 

MODULE  INPUT 

0.  V 

LONER 

UPPER 

INITIAL 

NO. 

COL"  O 

BOUND 

VALUE 

SCALE 

I 

0.1C j0CE*02 

0.35300E+02 

0 . 27000E+02 

0.0 

2 

0.500e0E*01 

0.25000E+02 

0 . 16000E+02 

0.0 

3 

0.50000E+01 

0 . 25COOE+02 

0 . 13000E+02 

0.0 

4 

0.50000E+01 

0.2S000E*02 

0 . 90000E+01 

0.0 

.  DESl6>rVARlABLES~ 

D.  V.  GLOBAL  MULTIPLYING 
10  NO.  VAR.  NO.  FACTOR 
11  1  O.lOOOOEm 
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0.10000E+01 

0.10000E+01 

0.10000E+01 


CONSTRAINT  INFORMATION 

_THERE_ARE  2  .CONSTRAINT  SETS _ _ 

GLOBAL  GLOBAL  LINEAR  LOWER 

10  VAR.  1  VAR.  2  10  BOUND 

1660  0.85000E+01 

_ 5 _ 7 _ 7 _ 0 _ 0.87000E+02_ 

TOTAL  NUM3ER  OF  CONSTRAINED  PARAMETERS  = 


NORMALIZATION 

FACTOR 

0.85000E+01 

0.87000E+02 


UPPER 

BOUND 

0.10000E+03 
0 . 10000E+04 


NORMALIZATION 
FACTOR 
0.10000E+03 
_ 0.10000E+04 


*  *  APPROXIMATE  ANALYSIS/OPTIMIZATION  INFORMATION 


NUMBER  OF  FUNCTIONS  APPROXIMATED,  NF 
NUMBER  OF" INPUT  X-VECTCRS,  NFS 
NUMBER  Or  INPUT  X-F  PAIRS,  NPFS 
X-VECTOR  FROM  ANALIZ,  NPA 

_NQ!IINAL  OESIGN, _ INCM 

RE.'O  UNIT  FOR  X- VECTORS;  ISCRX 
READ  UNIT  FCR  X-F  PAIRS,  ISCRXF 
FRINT  CONTROL,  IPAPRX 

■RiNIMUM  APFROXIMAtlNS  CYCLES,  KMIN" 
MAXIMUM  APPROXIMATING  CYCLES,  KMAX 
MAXIMUM  OESICNS  U3E0  IN  FIT,  NPMAX 

NOMINAL  DESIGN  PARAMETER.  _  JNOM 

"X- LOCATION  INPUT  PARAMETER  I  INXLCC 
F-LOCATICM  INPUT  PARAMETER,  INFLOC 
TAYLER  SERIES  1.0.  CCOE,  MAXTRM 


OELTA-X  BOUNDS  FCR  APPROXIMATE  OPTIMIZATION 
0.203CC+01  0 . 2000E+01  0.20COE*01  0.20C0E*Ol 


MULTIPLIER  CTf  DELX, 
MULTIPLIER  ON  DELX, 


XFACT1  *  0.1500E+01 

YFACT2  =  0 . 2000E+01 


Global  locations  cfc  x-variables 

12  3  4 


SIOBACTOCA TICK'S  OF'FUNCTIONS 
8  6  7 


TOR S’lNROT "FROM  UNIT" 


NUMBER  1 _ OESIGN _  1 

0.2900E»b2  0. 1800E+02  0.1500E*02  "O.iiOOEfOZ" 


NUMBER  2  OESIGN  2 


1B7 


0.2700E+02  0.1800E+02  0.1500E+02  0.1100E+02 

NUMBER  _ 3 _ DESIGN _ 3  _ _  _ 

0.2700E+02  0.1600E+02  0.1500E*b2  0.ii00E*02 


NUMBER  _  4 _  OESIGN_  4 

0.2700E+02"  0.1600E+02  0.1300E*02  ' 0.1100E+02 


NUMBER  _  5  _  DESIGN _  5  _ 

0 . 27G0E+02  0.1600E+02  0^1300E+02  0.9000E+01 


»  *  ESTIMATED  DATA  STORAGE  REQUIREMENTS 

REAL  _  _  _  INTEGER _ _ 

INCUT  EXECUTION  AVAILABLE  INFUT  EXECUTION  AVAILABLE' 
41  355  5000  30  78  1000 

«»#*•»**»***#*  »***#*»»*  ****»*«*«»» 


SET  VANE  1  TO  29.00  DEGREES 

_ SET  VANE  2  TO _ 18.00  OEGREES _ 

SET  VANE  3  TO  15.00  DECREES 

_SET_  VANE _4  TO _ 11 . 00  OEGREES _ 

HOLD  RPtX  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  CF  7b. 779 

_ CORRECTED  FLOW*  77.5300 _ 

SURGE  MARGIN^  8.3600 

_ EFFICIENCY*  87.1800 _ 


SET  VANE_1  TO  27.00  DEGREES _ 

SET  VANE  2  TO  18.00  OEGREES 

SET  VANE  3_JO _ 15J50_ DEGREES _ 

SET  VANE  4  TO  11.00  DECREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

'HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

CORRECTED  FLOW*  78.4200 

SURGE  MARGINS  8.6300 
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SET  VANE  1  TO  27.00  DEGREES 


_ SET_VANE  _2_TO _ 16J}0_DEGREES _ 

SET  VANE  3  TO  15.00  DEGREES 

_ SETVANE  4  TO _ 11.00  DEGREES _ 

HOLO  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  CL  CONSTANT  AT  A  VALUE  OF  76.779 

_ CORRECTED.  FLCN=_ 78.7800 _ 

SURGE  MARGIN1  8.8300 

_ EFFICIENCY® _ 87.2500 _ 

#•***»»*«#**»»)»*»)»»**)(*»»*)<*«»»*# 


NK»X»fc«  «***»*#»»  **XX«X«XXXXXftttXXX 


SET  VANc_l  TO _ 27.00  OEGREES 

SET  VANE  2  TO  16.00  DEGREES 


_ SET VANE  J  TO _ 13.00  DECREES _ 

SET  VANE  4  TO  11.00  DECREES 

HOLD  KFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

F'JLO  CL  "CONSTANT  AT  A  VALUE  OF  76.779 

CORRECTED  FLOW®  79.1900 

_ SURGE  MARGIN® _ 8^9700 _ 

EFFICIENCY®  87.3000  ! 

i 

»*»***)<*;  »<*«»#»»»*»*»»»  ****»»**»»»  ' 


X XXXXXXXXXXXJUHHHtXXXX#**#****#*** 

SET  VANE  1  TO  27.00  DEGREES 

_ SET  VANE  2  TO _ 16  .JO_DEGREES _ 

SET  VANE  3  TO  13.00  DECREES 

SET  VANE  4  TO  9.00  DEGREES _  _ 

HOLO  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLO  OL  CONSTANT  AT  A  VALUE  OF  76.779 

_ CORRECTED  FLOW®  79.4900  _  _  _  _ 

SURGE  MARGIN®  9.2100 

_ EFFICIENCY® .  87,3300...  _ 


I 

i 
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APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 

APPROXIMATING  FUNCTION  1  IS  THE  OBJECTIVE 

APPR  OX  It  lATINtfFUNCTICNS  ASSOCIATED  WITH  CONSTRAINTS 
2  3 

DESiGiTvARIABlE  NUMBERS  ASSOCIATED  WITH^PPROXIMATING  "VARIABLE? 
12  3  4 


BEGIN  ITERATION  NUMBER  1 

_ NOMINAL  DESIGN  NUMBER  = _ 2 _ 

X-VECTOR 

0 . 270C0E+02  0.18000E*02  0.15000E+02  0.11000E+02 

FUNCTION  VALUES  . . 

0.7C420E+02  0.88300E+01  0.87310E+02 

RESULTS  OF~ APPROXIMATE  OPT ItilZATION 
DELTA-X  VECTOR 

_ -0.48S37E*000.20000E*01 _ 0.20000E+01 _ 0.20000E+01 

X-VECTCS 

0.26515E+02  0.20000E+02  0.17000E+02  0.13000E+02 

APPROXIMATE  FUNCTION  VALUES  " 

0 . 77566E+02  0.85641E-*Q1  0.87322E+02 

«****i.*i;  ■****»> 

SET  VANE  1  TO  26.51  DEGREES 

_ SE T_VAN£_2_T 0 _ 20.00  DEGREES _ 

SET  VANE  3  TO  17.00  DEGREES 

_ S  E  T  _VANE_4_T0 _ 1 3 .0  0_  D  EGREE  S _ 

HOLD  Rpt'C  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

_ CCRHECTEDF  LOH=  77.2500 _ 

SURGE  MA3GIN=  8.2100 

_ EFFICIENCY* _ 86.9400  _ 

*»«*»*#»»»*«*#*» 


PRECISE  FUNCTION  VALUES 

0.77250E+02  0.82100E+01  0.86940E+02 
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BEGIN  ITERATION  NUMBER 


2 


NOMINAL  DESIGN  NUMBER  «  b 
X-VECTCR 

_ 0 .  26515E+02  _0 . 20000E+02_.  0. 17000E*02_0 . 15000E+02 

FUNCTION  VALUES 

0.77250E*02  0.82100E+01  0.86990E*02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ OELTA-X  VECTOR  _ 

0 . 17665E+01  0.20000E*01  0.20000E*Oi  -o'.  X6405E*bi 

X-VECTOR 

_  0.2S231E*02_  0. 22000E+02_  0. 19000E*02__  0.11159E«02 

APPROXIMATE  FUNCTION  VALUES 

0 . 76327E+02  0.8500CE+01  0.87535E*02 

*##*»**•  *  * **####**##«*«####*## 


SET  VANE  1  TO  28.28  DEGREES 

SET'VANE  2  TO  22.00  OEGSEES 

SET  VANE  3  TO  19.00  DEGREES 

“SET  VANE  4~T0  11.16  DEGREES 

HOLO  EFIIC  CONSTANT  AT  A  VALUE  OF 

_ NOLO  CL  CONSTANT  AT  A  VALUE  OF 

CCKRECTED  FLCMs  75.8300 

SURGE  MARGINS  7.5700 

iFFiCIEIiCVs  36.6700' 

»»***  «*#****»<*  ***»*«***»<*  ***■«<*«*# 


PRECISE  FUNCTION  VALUES 
_ 0 . 7E830E+02 _ 0 .75700E+010.86670E+02 


BEGIN  ITERATION  NUMBER _ 3 _ 

NOMINAL  DESIGN  NUMBER  =  7 

X;VECTOR 

0 . 2C2OlE  +  02  0.22000E+02  0.19C00E+62  b.'lU59E+62 

FUiXTION  VALUES 

0 . 7S330E+02  0.75700E+01  0.86670E+02 
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RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X~  VECTOR 

-0 .83365E+00  -0.29508E*01  0.20000E+01  -0.20000E+01 

_ X-VECTOR  _  _ _ _ _ 

0.27447E+02  0.19049E+02  0.21000E*02  0.91595E+01 

APPROXIMATE  FUNCTION  VALUES 

_  0. 77092E+02  0.84S82E*01__0.87I85E*02 _ 


SET  VANE  I  TO 

27.45  DEGREES 

SET  VANE  2  TO 

19.05  DEGREES 

SET  VANE  3  TO 

21.00  DEGREES 

SET  VANE  4  TO 

9.16  DEGREES 

HCLO  RFMC  CONSTANT  AT  A  VALUE  OF 

5567.500 

HOLO  OL  CONSTANT  AT  A  VALUE  OF 

76.779 

CORRECTED  FLCN: 

:  76.2900 

SUR3E  MARGIN^ 

7.5500 

EFFICIENCY* 

86.1500 

tf  fc  *  *  *  «  «  *  »  ff  *tf  »  tf  **  tf  *  tf  tf  tf  *  tf  tf  *  tf  *  *»  *  tf  tf 

FRECISE  FUNCTION  VALUES  _  _ 

0. 7bZ90E*0Z  0.7550CZ*01  0.8615CEfO2 


BEGIN~if ERATICN  NUMBER  4 
NOMINAL  DESIGN  NUMBER  =  8 

"X-VECTOR 

0 . 27447E+02  0.19049E+02  0.21000E+02  0.91595E+01 

FUNCTION  VALUES 

0.76090E+02  0 . 75500E+01  0.65150EF02 


RESULTS  OF _APPROXIMATE_OPJIMIZATICN _ 

DELTA-X  VECTOR 

0.31427E-01  0.30000E+01  -0.30000E+01  -0.20000E+01 

Y- VECTOR 

0 . 27479E*02  0.22049E+02  0.16000E*02  0.71595E+01 

APPROXIMATE  FUNCTION  VALUES 
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0.77170E*02  0.84750E+01  0.66989E+02 

SET-  VASE  1  TO  27~.'48~  DEGREES 

SET  VANE  2  TO  22.05  DEGREES 

SET~ VANE~ 3  TO  18.00  DEGREES 

SET  VANE  4  TO  7.16  DEGREES 

HOLD  RPIiC  CONSTANT  “AT  A  VALUE  OF 
HOLD  OL  CONSTANT  AT  A  VALUE  OF 
CO TRECTEO  FLCM=  76.8300 

SURGE  MARGIN:  8~02C0 

EFFICIENCY:  86.8000 

**i*V*i>£ttlt*K«*K**«****KMft**«*«X««* 

PRECISE  FUNCTION  VALUES 

0 . 76SSCE+0C  0.60200E+01  0.86300E+02 

BEGIN  ITERATION  NUNSER  5 

_ NOMINAL  OESIGN  NUMBER  =  9 _ 

X-VECTCR 

0 . 274792*02  0.22049E*02  0.18000E+02  0.71595E+01 

FUNCTION  VALUES'™  " 

0 . 7OCC0E  +  02  0.00200EA01  0.66800E+02 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ -0.633468*03  0.295C3E+01 _ 0. 12337E+01 _ 0. 30000E+01 

X-VECTOR 

0 . 26S40E+02  0.25000E*02  0.19C34E+02  0.10159E+02 

APPROX  III  ATE  FUNCTION  VALUES 

0 . 76410E+C2  O.8E00CE+01  0.86861E*02 

»»»*i;*?‘;.*i*X*!««******X*X*»X>-**»»*» 

SET  VANE  1  TO 

_ Sc  T  VANE  2  TO 

SET  VANE  3  TO 
SET  VANE  4  TO 


26.84  DEGREES 
25.00  DEGREES 
19.23  DEGREES 
10.16  DEGREES 


5567.500 

76.779 
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5567.500 

76.779 


HOLD  RPMC  CONST AMT  AT  A  VALUE  OF 
HOLD  OL  CONSTANT  AT  A  VALUE  OF 
__CCPPECTED  FLON=  75.1800 _ 

SURGE  MARGIM=  7.0000 

_ EFFICIENCY3 _ 86.1100 _ 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


PRECISE  FUNCTION  VALUES 

0 . 75120E+02  0.70000E+01  0.86110E+02 


BEGIN  ITERATION  NUMBER  6 


NOMINAL  DESIGN  NUN3ER  =10 
X-VECTOR 

_ 0 . 26840E*02_  0.25000E+02  O.I9234E+02_  0.10159E+02 

FUNCTION  VALUES 

0 . 73130E+02  0.70000E+01  0.86110E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

DELTA-X  VECTOR  _ 

0.81C91E*00  -0.30000E*Oi  -0.30000E+bi  "-0.14534E*01 

X-VECTOR 

_ 0.2 7651E*02  0.22C00E+02_  0.16234E+02  0.67060E+01 

APPROXIMATE  FUN’CTION  VALUES 

0 . 772445*02  0.835053*01  0.07146E*02 

xxxx  *x-:^-(x**x*”xxxxxx'**  x*«*xxx*xx 


SET  VANE  1  TO  27.65  DEGREES 

SEf  VANE  2  TO  22.00  DEGREES 

SET  VAI.'E  3  TO  16.23  DEGREES 

"  SET  VANE "4* TO  8.71  DEGREES  " 

HOLO  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF _ 76.779 

'CORRECTED  FLOX=  77.1800 

SURGE  MARGINS  8.2300 

"  EFFICIENCY3  87.0700 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PRECISE  FUNCTION  VALUES 
_ 0 . 77180E+C2  0.82300E+01  0.87070E+02 


DEGIN  ITERATION  NUMBER  7 


NOMINAL  DESIGN  KUM3ER  s  n 
X-VECTCR 

0.27631E+02  0.22000E+02  0.16234E+02'  0.87060E*6i 

FUMCTICM  VALUES 

0.7718Cc»02  0.82300E+01  0.87070E+02 
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RESULTS  OF  APPROXIMATE  OPTIMIZATION 


OELTA-X  VECTOR 

-0.62297E-01  -0.86176E+00  -0.83577E+00  -0.12166E+00 
X-VECTOR 

0 . 275S9E+02  0.2113SE+62  0.1539SE+02685843E+01 

APPROXIMATE  FUNCTION  VALUES 

_ 0.77632E+02  0.84913E*01  0.87205E*02 _ 

•  ll**..**..*##*#);*##**##**#***  ###**» 


_ SET  VANE  I_TO  27.59  OEGREES _ _ 

SET  VANE  2  TO  21.14  DEGREES 

_ SET  VANE  3  TO _ 15.40  DEGREES _ 

SET  VANE  4  TO  8.53  DEGREES 

_ HOLD  RF.'IC  CONSTANT  AT  A  VALUE  OF  _ 5567.500 

HOLD  CL  CONSTANT  AT  A  VALUE  OF  76.779 

CORRECTED  FLCX=  77.6300 

_ SURGE  MARGIN’S  _ 8.4500 _ 

EFFICIENCY3  87.2200 
* *»***##* **#*###****¥*»*»*»»»*»*# 


PRECISE  FUNCTION  VALUES 

0 . 77660E+02  0 .84500Em"  0.67220E*02 


BEGIN  ITERATION  NUMBER  '8 
NOMINAL  OESICN  NUMBER  =  12 


X-VECTCR 

0.27539E+02  0.2113SE*02  0.15398E+02  0.85343E+01 

FUNCTION  VALUES  .  .  . . 

0.776G0EK2  0.34500£*01  0.37220E*02 


_  RESULTS  OF  APPROXIMATE  OPTIMIZATION  __  . _ _ 

OELTA-X  VECTOR 

0.24845E+03  -0.36500E*00  -0.20615E»00  -0.47718E-01 

“  X-VECTOR  '  --  --- 

0.27333E+02  0.20773E*02  0.15192E+02  0.65366E+01 

_ APPROXIMATE  FUNCTION  VALUES  _  _ 

0 . 77 ;66E»02  C.W*<SZ*0l  0.67271E*02 
a*********.,*****#**##*#*#:'  =******** 


5ET  VANE  1  TO  '  27.84'  DEGREES 
SET  VANE  2  TO  20.77  DEGREES 
SET  VANG  3  TO'~15.19  DEGREES 
SET  VANE  4  TO  8.54  DEGREES 
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HOLD  RFilC  CCJ'StAMT  AT  A  VALUE  OF 
HOLD  CL  CONSTANT  AT  A  VALUE  OF 
CORRECTED  FLOJ!=  77.7300 

SURGE  MARGIN®  8.4800 

EFFICIENCY1  87.2300 

PRECISE'  FUNCTION “VALUES 

0.77730E+02  0.84800E*01  0.87230E+02 

BEGIN  ITERATION  NUMBER  9 

_ NOMINAL  DESIGN_NUN8ER_= _ 13 _ 

X-VECTCR 

0.2783SE+02  0.20773E+02  0.15192E+02  0.85366E*01 

FUNCTION  VALUES 

0 . 77730E+02  0.84800E*01  0.87230E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

0.37768E-01  -0.85184E+00  0.52813E+00  0.10000E+01 


X-VECTCR 

0 . 27925E+02  0.19921E+02  0.15720E+02  0.95366E«01 

“"APPROXIMATE  FUNCTION  VALUES 

0 . 77677E*02  0.846832*01  0.87235E+02 

«**»** -**#*#***#»>•)<«>***«)<•»*•****)<* 

SET  VANE  1  TO  27.93  DEGREES 

_  SET  VANE  2  TO  19.92  DEGREES _ 

SET  VANE  3  TO  15.72  CEGREES 

_  SET  VANE  4  TO  9.54  DEGREES  .  _  _ 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

_  CORRECTEO  FLCM=  77.6500  _ _ _ 

SURGE  MARGIN=  8.4700 

_ EFFICIENCY* . 87.2000  __ _ 

#*»*#»»«*#*****»»»*#*»»»»*****>»** 

PRECISE  FUNCTION  VALUES 

0 . 77650E+02  0.84700E+01  0.87200E+02 

BEGIN  ITERATION  NUMBER  10 

NOMINAL  DESIGN  NUMBER  *14  — 


5567.500 

76.779 
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I 

I 

I 

I 

I 


X-VECTOR 

_ 0.Z7925E+C2 _ 0.19921E*02  0.I5720E*02_0.95366Em 

FUNCTION  VALUES 

0.77o50E*02  0.64700E*01  0.87200E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
CELTA-X  VECTOR 

-0 . 23842E-06  -0.28610E-05  0.28610E-05  -0.206161-05 

X-VECTOR 

_ 0. 27925E*02_0  a9921E*02 _ Q.I5720E*02  0.95366E*01 


APPROXIMATE  FUNCTION  VALUES 

0.77650E+02  0.84700E+01  0.87200E+02 

«****fc*r«****««**#«ll«**«***fr**«»* 


SET  VANE  1  TO  27.93  DEGREES 

SET  VANE  2  TO  19.92  DEGREES 

SET  VANE  3  TO  15.72  DEGREES 

'SET  VANE  4  TO  9.54  DEGREES  . 

HOLO  RTMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_  HOLO  OL  CONSTANT  AT  A  VALUE  OF  _  76.779 

CORRECTED  FLCN=  77.6500 

SURGE  MARGIN-  8.4700 

~  EFFICIENCY*  "  37.2000  “ 

*  **»*»:*!  ;**»>(**  '<»«»»**  »*»««««  «*«»*» 


7 

%■ 

i 

1 

1 

l 

i 


FRECISE  FUNCTION  VALUES 

0,77650E*02  O.E4700E+01  0.8720GE+02 


BEGIN  ITERATION  HUNGER _ 11 _ 

NOMINAL  OESIGN  NUN3EP  =  15 

X-VECTCR 

0.27925E+02  0. 19921E*02  '  0. 15720E+02  0. 953'66E*0i 

FUNCTION  VALUES 

0 , 77650E+C2  __  0.84700E*01_  0.87200E+02 _ 


RESULTS  OF  AFRPOXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

-0.11921E-06  -0.17831E-06  0.0  -0.17881E-06 

X-VECTOR  __  _  _ 

■  0.27925E*02  0.19921E«C2  0.15720E*02~  0.95366E+01 

APPROXIMATE  FUNCTION  VALUES 

_ 0.77650E+02  0.84700E+01  0.87200E*C2 _ 


TL'O  CONCECUTIVE  APPROXIMATE  OPTIMIZATIONS  HAVE  PRODUCED  THE  SAME  DESIGN 
OPTIMIZATION  TERMINATED 
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FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 
NOMINAL  DESIGN  NUMBER  =  15 

"x-VECTOR 

0.27925E*02  0.19921E*02  0.15720E+02  0.95366E+01 

FUNCTION  VALUES  _ _  _ 

0.77653E*02  <j.64700E*01  0.87200E+02 

RESULTS  OF  APPROXIMATE  ANALYSIS/OPTIMIZATION 

TITLE _ 


GL03AL  LOCATIONS  OF  X-VARIADLES 
12  3  4 


GLOBAL  LOCATIONS  OF  FUNCTIONS,  Ft X » 
8  6  7 


"APPROXIMATION’  IS  based’  ON  15  DESIGNS 

NOMINAL  DESIGN  IS  DESIGN  NUMBER  15 

VALUES  OF  X-VARIA3LES  . . 

0.2793E*02  0.1992E+02  0.1572E+02  0.9537E+0I 


VALUES  OF  FUNCTIONS , >( X ) 

0 . 7763E+02  0.6470E+01  0.8720E*02 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 


PARAMETER  1  s  GLOBAL  VARIABLE  8 
LINEAR  TERMS,  DEL  F 

_ ^0^ 3840 S* 00 _ -0.2487E+00 _ -0.276 6 E+00 _ -0_.1046E.i00. 


NON-LINEAR  TERMS,  H,  BEGINING  WITH  DIAGONAL  ELEMENT 


RON  I 
-0.4113E+00 

RON  _  2 _ 

”-0.14S3E-0i 

RCN  3 
-0.1973E-0I 

RCN  4 

0. 3927E-01 


PARAMETER  2  *  GLOBAL  VARIABLE  6 

LINEAR  TERMS,  _DEL  F _  _ 

-0 . 17SOE*00  -0 . 1113E+00  -0.1378E+00  -0'.4375E-01 


NON-LINEAR  TERMS,  H.  BEGINING  WITH  DIAGONAL  ELEMENT 
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ROM  1 
-0.2323E*00 


ROM  2 
-0.2U4E-01 

ROM  _  3  _ 

-0.2346E-01 

ROM  4 
_ 0.1625E-01 


PARAMETER  3  =  GLOBAL  VARIABLE  7 
LINEAR  TERMS DEL  F 

-0.9254E-02  -0.3304E-0I  -0.1099E+00  0.9230E-02 


NON-LINEAR  TERMS,  H,'  BEGINING  WITH  DIAGONAL  ELEMENT 
ROM  1 

_ ^0_.2990E+00 _ 

ROM  2 

-0.1134E-01 

ROM  3 

-0.3256E-01 

ROW  4  _ _ _ 

0.3il6E-01 

OPTIMIZATION  RESULTS 


OBJECTIVE  FUNCTION _ 

GLOBAL  LOCATION  8  FUNCTION  VALUE  0.77650Et02 


DESIGN  VARIABLES 


D.  V.  GLOBAL  LOWER  UPPER 

ID  NO.  VAR.  HO.  BOUND  VALUE  BOUND 

1 _ 1 _ 1 _ 0.10000E+02 _  0.27925E+02  _  0.3500CE+02 

22  2  0.50000E+01  0.19921E+02  0.25000E+02 

33  3  0.50000E+01  0.15720E+02  0.2500gE+02 

44  4  0 .SOOOOE+Ol  0.95366E+01  0.25000E+02 


DESIGN  CONSTRAINTS 

global  Lower  upper 

ID  VAR.  NO.  BOUND  VALUE  BOUND 

1  6  0.85G03E+01  0.84700E+01  0.10000E+03 

_ 3 _ 7 _ 0.673CCEO2  _0.87200E+02 _ 0.10000E+04 


_»*»tnM(***_FIHAL  SOLUTION  VALUES  **»****» 


VANE  ANGLE  FOR  VANE  1  IS 
VANE  ANGLE- FOR  VANE  Z  IS 
VANE  ANGLE  FOR  VANE  3  IS 
VANE 'ANGLE  FOR  VANE  <TlS 
CORRECTED  FLOWS  77.6500 


27.93  DEGREES 
19.92" DEGREES 
15.72  DEGREES 
'9.54  DEGREES 
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£FFiCiENCV= 


37.2000 


S15?SE  HAR3IN=  8.4700 

BFficlJAS 'tlElb_CCHSTANT  At  5567750" 

OL  WAS  HELD  CONSTANT  AT  76.78 


PROGRAM  CALLS  TO  ANALIZ 


ICALC 

_ 1  _ 

2 

3 


CALLS 

1  __ 

15 

1 


I 

1 

1 

1 

I 


I 

I 

] 

1 

I 

I 

I 
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STATOR  VANE  OPTIMIZER 

««*KNK*)(»**«*M*»N«*»* 

PROTOTYPE. SOFTWARE  CAPABLE  OF  GUIOING  THE  OPTIMIZATION  OF  _ 
STATOR  VANE  AND  BLEEO  SETTINGS  IN  A  MULTI-STAGE  COMPRESSOR 

TrEPAREO  FOR  THE  AIR  FORCE  AERO  FROPULSION  LABORATORY 

UNDER  CONTRACT  F33615-79-C-2013 

BY:” PRATT  »  WHITNEY  AIRCRAFT  GROUP 
GOVERNMENT  PRODUCTS  DIVISION 


PLEASE  HIT  RETURN  TO  VIEW  OPTIMIZATION  GOAL  MENU 


I  OPTIMIZATION  CONDITIONS  I  CONSTRAINTS  I 


NO 

I 

GOAL 

I 

RPMC 

wc 

PR 

DVS 

O.L. 

I 

S.M. 

I 

EFF 

I 

1 

I 

EFF 

I 

X 

_ 

X 

I 

I 

- 

I 

z 

I 

EFF 

I 

X 

- 

- 

- 

X 

1 

- 

I 

- 

I 

3 

I 

EFF 

I 

- 

X 

X 

- 

• 

I 

- 

I 

I 

4 

I 

EFF 

I 

X 

- 

- 

X 

- 

I 

MIN 

I 

- 

I 

5 

I 

EFF 

I 

X 

- 

- 

- 

X 

I 

MIN 

I 

- 

I 

6 

I 

EFF 

I 

- 

X 

X 

- 

- 

I 

MIN 

I 

- 

I 

7 

I 

S.M. 

I 

X 

- 

- 

X 

- 

I 

- 

I 

- 

I 

8 

I 

S.M. 

I 

X 

- 

- 

- 

X 

I 

- 

I 

I 

9 

I 

S.M. 

I 

- 

X 

V 

• 

- 

I 

- 

I 

- 

I 

'10 

I 

S.M. 

T 

X 

- 

- 

X 

- 

I 

- 

I 

MIN 

I 

11 

I 

S.M. 

i 

X 

- 

• 

- 

X 

I 

I 

MIN 

I 

12 

I 

S.M. 

i 

- 

X 

X 

- 

- 

I 

- 

I 

MIN 

I 

13 

I 

SM/DLO 

i 

X 

X 

- 

- 

I 

I 

“ 

I 

14 

X 

::\x  s.'C 

i 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

IS 

T 

MM  NC 

i 

X 

- 

- 

- 

X 

I 

MIN 

I 

MIN 

I 

16 

I 

FR 

i 

X 

X 

- 

- 

- 

I 

MIN 

I 

MIN 

I 

17  I  PR  IX  -  -  -  XI  MIN  I  Mill  I _ ; _ 

YOU  HAVE  SELCCTEO  TO  OPTIMIZE  FRESGURE  RATIO  HOLDING 

CORRECTED  SPEEO  (RPMC)  AND  CFERATIHS  LINE  COL)  CONSTANT 

WHILE  CONSTRAINING  SURGE  MARGIN  ANOEFFICIENCY' TO  MINIMUM  VALUES 
hold  sr:;c  constant  at  5567. seo 

HOLD  OL  CONSTANT  AT  76.779 

OPTIMIZING  4  VANE  AN3LECS) _ _ 

*  LONER  COLOR)  FOR  VANE  1  IS  10.000 
CO  YOU  AOREE?  (Y/N) 

LONER  C3UN3  FOR  VANE  2  IS  5.000 

CO  YC'J  AGREE?  (Y/N)  _ 

LONER  ECU' 13  FOR  VANE  3  IS  5.000 
CO  YOU  AGREE?  (Y/N) 

LOWER  ECUND  FOR  VANE  4  IS  5.000 

00  YOU  AGREE?  (Y/N)  _  _ _ _  _ 

UPPER  EGUN3  FOR  VANE  l  15  35.000' 

DO  YC'J  AGREE?  (Y/N) 

UPrCR  BOUND  FOR  VANE  Z  IS  25.000 
DO  YC'J  AGREE?  (Y/N) 


UPPER  BOUND  FOR  VANE  3  IS  25.000 
DO  YOU  AC-REE?  (Y/N) 

UPPER  0GUN3  FOR  VANE  4  IS  25.000 

CO  YOU  AC-REE?  (Y/N)  . .  .... _ 

LCNER  COLT .3  VALUE  FOR  SM  IS  8.500 

UPPER  BOUND  VALUE  FOR  SM  IS  100.000 

LCNER  BOUND  VALUE  FOR  EFF  IS  67.000 

UPFE.R  BOUND  VALUE  FOR  EFF  IS  1000. COO  . .  . 

INCREMENTAL  VANE  ANGLE  VALUE  FCR  INITIAL  VANE  SETTING  IS  -2.00 
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TITLE 


CONTROL  parameters; 

CALCULATION  CONTROL,  NCALC  =  6 

NUTCER  OF  GLOBAL  OESISN  VARIABLES,  NOV  s  _  4 

NUMBER  OF  SENSITIVITY  VARIABLES,  NSV  =  0 

NLKQER  OF  FUNCTIONS  IN  Tl.'O-SPACE,  N2VAR  =  0 

NUMBER  OF  APPROXIMATING  VAR.  NXAFRX  =  4 

INPUT  INFORMATION  PRINT  COOE,_  _  IPNPUT  s_  X 

DCCUG  PRINT  CODE,  IFD3S  s  0 


CALCULATION  CONTROL,  NCALC  __ 

VALUE  MEANING 

1  SINGLE  ANALYSIS 

2  OPTIMIZATION 

_  3  SENSITIVITY 

4  ~  "  TMO-VARIABLE  FUNCTION  SPACE 

5  OPTINUM  SENSITIVITY 

6  APPROXIMATE  OPTIMIZATION 


*  »  OPTIMIZATION  INFORMATION 


GLCCAL  VARIABLE  HUMBER  OF  OBJECTIVE  =  9 

MULTIPLIER  (NEGATIVE  INDICATES  MINIMIZATION)  =  0.1C00E+01 

CCNMIN  PARAMETERS  (IF  ZERO,  CONMIN  DEFAULT  WILL  OVER-RIDE) 

I PRINT  ITMAX  ICNOIR  NSCAL  ITRM  LIUCBJ  NACHXl  NFPG 

_ 5 _ 20  _  5  _ 0  _  3  .  0  __  10  .  _  .  0 

FCCM  FCCHM  CT  CTMIN 

0.10000E-01  O.1C0OOE-O2  -0.50000E-01  0.4000CE-02 

"CtL  CTLMItl  THETA .  PHI 

-0 . I0000E-01  0 . 10000E-02  O.lOQOOE+Ol  0.0 

OELFUN  OABFUN  ALPHAX  ABCBJ1 

O.IOCOOE-02  0.0  ~  0.10000E  +  00  0 .  ICOOCEtOO 

DESIGN  VARIABLE  INFORMATION 

NON-ZERO  INITIAL  VALUE  WILL  OVER -RIDE  MODULE  INPUT 
D.  V.  '  LONER  UFPCR  INITIAL 

NO.  BOUND  BOUND  VALUE 

X  0 . 10000E+02  0 . 35CCCE+C2  0.27000E+02 

_ 2 _ 0.50CCOE+01 _  O.CSOOCE  +  02  _ 0.16000E+02 

3  0.5CCCCE+01  "  0.25000E  +  02  0 . X3000E+02  “ 

4  0 .50000E+01  0.2S000E+02  0.90000E+01 


SCALE 

0.0 

0.0  _ 
0.0 
0.0 


DESIGN  VARIABLES 

D.  V.  GLOBAL  MULTIPLYING 
10  NO.  VAR.  NO.  FACTOR 
11  1  0 . lOOCOE+Ol 
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» 


I 

I 

I 

I 

I 


2  2 

3  3 

4  4 


2  0 . 10000E+01 

3  0.10000E+01 

4  0 . 100COE  +  01 


CONSTRAINT  INFORMATION 


THERE  ARE  2  CONSTRAINT  SETS 
GLOBAL  GLOBAL  LINEAR 
ID  VAR.  1  VAR.  2  ID 

16  6  0 

3  7  7  0 


LONER  NORMALIZATION 
BOUND  FACTOR 

0 .8500QE+01  0.85000E+01 

0 . 87000E+02 _ 0 .87000E+02 


UPPER  NORMALIZATION 

BOUND  FACTOR 

0 . 10000E+03  0.10C00E+03 

0 . 10000E  +  04 _  0. 10000E+04 


TOTAL  NUMBER  OF  CONSTRAINED  PARAMETERS  =  2 


I 

1 

1 

J 

I 


»  *  APPROXIMATE  ANALYSIS/OPTIMIZATION  INFORMATION 


NUMBER  OF  FUNCTIONS  APPROXIMATED,  NF  = _ 0 

NUMBER  OF  INPUT  X-VECTCRS,  NFS  =  5 
NUMBER  OF  INPUT  X-F  PAIRS,  NPFS  =  0 
X-VBCTCR  FROM  ANALIZ,  NPA  =  0 

NOMINAL  DESICN,  _ INCH  =_  0 

READ  UNIT  FOR  X-VECTCRS,  ISCRX  =  '  5 
READ  UNIT  FOR  X-F  PAIRS,  ISCRXr  =  5 
PRINT  CONTROL,  IPAFRX  =  1 


MINIMUM  APPROXIMATING  CYCLES,  KMIN  =  5 
MAXIMUM  APPROXIMATING  CYCLES,  KMAX  =  17 
MAXIMUM  0ESICN3  USED  IN  FIT,  NFMAX  =  28 
NOMINAL  DESIGN  PARAMETER,  JNCM  =  28 
X-LCCATION  INPUT  PARAMETER,  INXLCC  =  0 
F-LCBATICN  INPUT  PARAMETER,  IN'FLOC  =  0 
TATLER  SERIES  I.D.  CODE,  MAXTRM  =  2 


1 

] 

1 

I 

I 

I 

I 

I 

I 


OELTA-X  E3UNCS  FOR  APPROXIMATE  OPTIMIZATION 
O.COCCE+Ol  0 , 20CCE*01  0.2000E+01  O.EOCOEtOl 

MULTIPLIER  ON  CELX,  XFACT1  =  0.1500E+01 

MULTIPLIER  ON  CELX,  XFACT2  =  0.2000E+01 


GLOBAL  LOCATIONS  OF" X- VARIABLES 
12  3  4 


GLCOAL  LOCATIONS  OF" FUNCTIONS 
9  6  7 


X-VECTCRS  INPUT  FROM  UNIT  "  5 


NUMOCR  1  DESIGN  1 

0.2930E+02  0.1800S+02  0.15COE+02  0.1100E*02 


NUMBER  2  DESIGN  2 


173 


0.2700E+02 

0.1300E*02 

O.I500E+02 

0.U00E+02 

NUMBER  3 

DESIGN 

3 

0.2700E+02 

0.1600E+02 

0.1500E+02 

0.1100E»02 

NUMBER  4 

DESIGN 

4 

0.270CE»02 

0.1600E+02 

0.1300E+02 

0.1100E+02 

HUNGER  5 

DESIGN 

5 

0.270CE+02 

0.1600E+02 

0 . 1300E+02 

0 . 9000E+01 

»  »  ESTIMATED  DATA  STORAGE  REQUIREMENTS 

_  REAL  _  INTEGER 

INPUT  EXECUTION  AVAILABLE  IHF’JT  EXECUTION  AVAILABLE 
41  335  5000  30  73  1000 

«**!•>! 

GET  VANE  1  TO  29.00  CEC-REES 

_SET  VANE  2  TO  18.00  DEGREES _ 

SET  VANE  3  TO  15.00  DEGREES 

_ SET  VANE  4  TO  11. 00  DEGREES _ _ _ 

NOLO  PFI1C  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

_ PRESSURE  RATIO-  5.5330  _ _ _ 

SURGE  MARGINS  6.3000 

_ EFFICIENCY* _ 87 .1400 _ 

*  »<(««««<  *******  *  ***************** 

********************************* 

_  SET  VANE  I  TO  27.00  DEGREES _ 

SET  VANE  2  TO  13.00  DEGREES 

_ SET_VANE_3  70 _ 15.00  DEGREES _ 

SET  VANE  4  TO  11.00  DEGREES 

HOLD  RPfIC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF .  76.779"'" 

FRESSURE  RATIOS  5.5970 

SURGE  MARGIN*  8.7400 


EFFICIENCY®  87.3200 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


KXXXXXXXXXXXKXXXXXXXXKXKXXXXXXXXX 


SET  VANE  1  TO  27.00  DEGREES 

_ SET_VANE  2  TO  _  _16. 00  OEGSEES 

SET  VANE  3  TO  15.00  OEGSEES 

_ SET  VANE  4  TO  11.00  OEGSEES 

HOLD  PFMC  CONSTANT  AT  A  VALUE  OF  5E67.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

_ PRESSURE  RATIO®  5.6290  _  _ _ 

SURGE  MARGIN®  8.6700 

_ EFFICIENCY®  _  87.2400  _  _  _ 

xxxxxxxx^xxxxxxxxxxxxxxxxxxxxxxxx 


XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 


_ SSTVANE  1  TO  27.00  DEGREES  _  _ 

SET  VANS  2  TO  16.00  OEGSEES 

CETVANES  TO  13.00  DEGREES  .  _ 

SET  VANS  4  TO  11. CO  DEGREES 

_  HOLD  RPMG  CONSTANT  AT  a  VALUE  OF  5567. 500 

NOLO  OL  C'. .'GRANT  AT  A  VALUE  OF  '  76.779 

FRESCLRE  PATIO®  5.6530 

__SURCE  MARGIN®  9.1400 

EFFICIENCY®  87.2700 

XXXXXXXVXXXXVXXXXHXXXXXXXXXXXXXXX 


XX xxx  « xxxxxxxxxxxxxxxxxxxxxxxxxxx 


SET  VANE  1  TO  27.00  DEGREES 

_ SET  VANE  2  TO _ 16.00  DEGREES _ _ 

GCT  VANE  3  TO  13.00  OEGSEES 
_ SST  VANE  4  TO  9.00  OEGSEES  _ 

HOLD  PFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

PRESSURE  RATIO®  5.6830 

SURGE  MARGIN®  9.2C00 

__£FFICIET.'Cr®  _  87.3200 

XX XX XXXV XXXXXXXXXXXKXXXXXXXXXXKXX 
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APPROXIMATE  OPTIMIZATION  ITERATION  HISTORY 

APPROXIMATING  FUNCTION  1  IS  THE  OBJECTIVE 

APPROXIMATING  FUNCTIONS  ASSCCIATED  WITH  CONSTRAINTS 
2  3 

DESIGN  VARIABLE  NUMBERS  ASSOCIATED  WITH  APPROXIMATING  VARIABLES 
10  3  4 


BEGIN  ITERATION  NUMBER  1 

NOMINAL  DESIGN  NUMBER  = _ 5  _ _ 

X-VECTOR 

0.27000E+02  0.16000E+02  0.13000E«02  0.90000E*01 

'"FUNCTION  VALUES 

0.56S30E+01  0.92000E+01  0.87320E+02 

RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

_ -3.CGCC0E *01  -0.  20000E+01  -0.2000CE*01  -0.20000E+01 

X-VESTCR 

0 . 23000E+02  0 . 14000E+02  0.11000E+02  0.70000E+01 

APPROXIMATE  FUNCTION  VALUES 

0.50330E+01  0 . 10100E+02  0.87500E+C2 

•**ivx*»**»5-»x#»x*t*»**wiH«*«x* 

SET  VANE  1  TO  25.00  DECREES 

_ SET  VANE  2  To  14.00  DEGREES 

SET  VANE  3  TO  11.00  DEGREES 

_ SET  VANE  4  TO  7.00  DECREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF 
HOLD  CL  CONSTANT  AT  A  VALUE  OF 
_ PRESSURE  RATIO=  5.8390 

SURGE  MARGIN^  9.6400 

_  EFFICIENCY^ _ 87.4000 _ 


5567. 500 
76.779 


PRECISE  FUNCTION  VALUES 

0.S339CC+01  0.96400E+01  0.87400E*02 
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I 

I 

I 

I 


BEGIN  ITERATION  NUMBER  2 

NOMINAL  DESIGN  NUMBER  =  ~  6  . -  -  -  - 

X-VECTCR 

_  0.25000E*02  0.14000E+G2  0.11000E+02  _0.70000E«OI 

FUNCTION  VALUES 

0.5S390E*01  0.96400E+01  0.87400E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

-0.30000E*01  0.80461E+00  -0.20000E+01  -0.20000E+01 

X-VECTCR 

0.22COOE+C2  0.14805E*02  0. 90000E*01_  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

0.59?i4E*01  0 . 90252C+01  0.87445E+02 


SET  VANE  1  TO  22.00  DEGREES 

SET  VANE  2  TO  14.80  DEGREES 

SET  VANE  3  TO  9.00  DEGREES 

~  SET  VANE  4  TO  "  5.00  DEGREES'  . . 

HOLD  PFMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

PRESSURE  RATIO*  5.9533 

SURGE  MARGIN*  10.0200 

EFFICIENCY*  '  67.3100' 

MM*******  ;»*;;**¥  *>««**}<*#*■*«****** 


PRECISE  FUNCTION  VALUES 

0.59500E+01  0 , 10020E+02  0.67310E+02 


ECGIN  ITERATION  NUMBER  3 


NOMINAL  0E3IC-N  NUMBER  =  7 

X-VECTOR 

0.22C00E+02  "0.14805E+02'  0.90000E*01  0.50000E+01 

FUNCTION  VALUES 

0.59S30E*01  0 . 10020E+02  0.87310E+02 


I 

I 
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RESULTS  OF  APPROXIMATE  OPTIMIZATION 


OPTIMIZATION  HAS  FROOUCEO  AN  X-VECTOR  WHICH  IS  THE  SAME  AS  A  PREVIOUS  DESIGN 
_ OELTA-X  VECTOR 

0.3619C-E-06  -0. 73096E-06  -0 . 92256E-G6  -0. 971.67E-06 
X-VECTCR 

_ 0 . 220GCE+02  0.14805E+C2  0 . 90000E+01_  0 .50000E+01 _ 

THE  FOLLOWING  DESIGN  IS  NOT  THE  APPROXIMATE  OPTIMUM 
DELTA-X  VECTOR 

0.60C0DE-01  0 . 59999E-01  0 . 39999E-01 ’  6 . 19999E-01 

X-VECTCR 

_ 0.22CS0C+02  0.14665E+C2  0 . 9C400E+01__ 0 . 50200E+01 _ 

APPROXIMATE  FUNCTION  VALUES 

0.59343E+01  0.10024E+02  0.67317E+02 

NKtf  »w»l>wvft*K*tf*****  *  **;«««***  * 


SET  VANE  1  TO  22.06  DECREES 

Set  VANE  2  TO"  14.66  DECREES 

SET  VANE  3  TO  9.04  DEC-PEES 

“"SET  VANE  4  TO-'  5.02  DECREES 

HOLD  RFMC  CONSTANT  AT  A  VALUE  OF  5E67.500 

NOLO  OL  CONSTANT  AT  A  VALUE  OF  _  Vi  779 

PRESSURE  RATIO-  S.9SSO 

SURGE  MARGIN®  9.9900 

EFFICIENCY®  67.3200  . 


r^CCICS  FUNCTION  VALUES 

0.:.-:3D:E*01  0.99900E+01  0 .87320E+02 


CCCIN  ITERATION  NUN3ER  4 


NOMINAL  OESIGN  NUM3ER  =  8 

X-VECTCR 

0.22C50E+020. 14865E+02  *  0 . 9040CE+01  0.50200E+01 

TUNCTION  VALUES 

C . 393S0E+01  0 . 99900E+01  0.67320E*0i 


.  i 

n 
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RESULTS  OF  APPROXIMATE  OPTIMIZATION 


OELTA-X  VECTOR 

0.69780E+00  -O.99370E+OO  -0 .46939E+00  -0.20000E-01 
_ X-VECTOR 

0.22758E+02  0.13871E+02  0.85706E*0i  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

_  0.59993E+01  0 .CSC06E+01  0.87510E+02  _ 

*  X  K  X  *  *  Sf  vt*  X  *  *  *  Si  »  *  *  X  ft  K  *  *  *  *  *  *  *  *  *  *  *  *  * 


SET  VAN'S  I  TO  22. 76  DECREES  _  _ _ 

SET  VANE  2  TO  13.87  OEGREES 

SET  VAN’S  3  TO  .  8.57  DEGREES _ 

SET  VANE  9  TO  5.00  DEGREES 

HOLD  RRIC  CONSTANT  AT  A  VALUE  OF  5567.500 

'  HOLD  OL  CONSTANT  AT  A  VALUE  Or  76.779 

PRESSURE  RATIO-  5.9630 

_ SURGE  MARGIN*  9.9900  _ 

EFFICIENCY*  87.3200 

»rrXX»»  «**#*»  »»*»**!. ****»******»»* 


PRECISE  FL'N'STICN  VALUES 

C . S9  jJCE*  Cl  0.999CCE»0I  0.673Z0E*02 


BEGIN'  ITERATION  NUMBER  '  5 

NOMINAL  DESIGN  NUMBER  =  9 

X- VECTOR 

0 . 2C7E8E+02  0.13S71E+02  0.85706E+01  0.50000E+01 

FUNCTION  VALUES 

0.57U3CE+C1  0.99900E+01  0.87320E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
OELTA-X  VECTOR 

-0 . 26699E+0I  -0.30000E+01  0.19986E+01  0.0 

X-VEC1CS 

0.2C022E +02  0.1087IE+02  0.10519E+02  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 
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0.60790£*01  0.10146E+02  0.8712AE+02 

SET~VANE_i  TO  20.09  DEGREES 

SET  VANE  2  TO  10.87  DEGREES 

SET"  VANE~ 3TO  10.52  DEGREES 

SET  VAIIE  4  TO  5.00  DEGREES 

KOLB  R  H  1C  CO:  1ST  ANT  AT  A  VALUE  ~OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

PRESSURE  RATIO=  6.0160 

SURGE  MARGIN*  10.0800  ~ 

EFFICIENCY*  G6.°100 
«»***  ¥****#* if#******#* ******* 

PRECISE  FUNCTION  VALUES 

0.6CISCEt01  O.lCOSOE+02  0.86910E+Q2 

DEGIN  ITERATICN  NUMBER  6 

_ NOMINAL  DESIGN  NUMBER  =_ _ 10 _ _ _ _ _ 

X- VECTOR 

0 . CC033E»02  0 . 10S71E  +  C2  0.10519E+D2  0.50000E+01 

FL'-'ETION  VALUES 

0.60I60E-01  0.100SCE+CE  C.B691CE+02 

“■RESULTS' OF_APFnO:<lr.ATE  OPTIMIZATION 
DELTA-X  VECTOR 

_ 0 . 1S720E  *01  -0.30000E+01  0.10368E+01  0.0 

X-VECTC.R 

0 . 21S60E+02  0 . 707CSE+01  9.U6C6E+02  0.50000E+01 

APPPC: Hi! ATE  FUNCTION  VALUES  ~ 

0.61CC3E+01  0 . C67C5E+01  0.87345E+02 

****■"**  ;•!************************ 

SET  VANE  I  TO  21.66  DEGREES 

SET  VANE _2_TO _  7.87  DEGREES _ _ _ 

SET  VANE  3  TO  11.61  DEGREES 
SET  VANE  4  TO  5.00  DECREES 
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HOLD  RPHC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

_ FRESSURE  RATIO*.  6.0270, _ _ 

SURGE  MARGINS  9.9100 

_ EFFICIENCY* _ 86.8300  _ 


PRECISE  FUNCTION  VALUES 

0 .602702*01  0 . 991002*01  0.86830E*02 


BEGIN  ITERATION  NUMBER  7 

NOMINAL  DESIGN  NUMBER ~=  11 

X-VECTCR 

0.21660E*02__  0.7870SE+01,  0.11606E+02  0.50000E  +  01 

FUNCTION  VALUES 

0 .  60270E+01  0 . 99100E+01  O.C6830E+02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ DELTA-X  VECTOR  _ 

0 .4I267E-0I  0  i  734G7E-01  -0.3000CE*01  -0.35763E-06 

X-VECTCR 

_ 0.217015*02.  0 . 7?443E+0I_  0 ,06060E*01  _  0 . 50000E+01 

Arr.”CXIf!ATE  FLECTION  VALUES 

C.CCC17E  +  01  0 . 10023E+0C  O.C6931E+02 


SET  VANE  1  TO  21.70  DECREES 

— SEt"VANE~2”TO~  7.94  DECREES 

SET  VANE  3  TO  8.61  DEGREES 

SET  VANE "4  TO  5.00  DECREES 

HOLO  RTNC  CONSTANT  AT  a  VALUE  OF  5567.500 

_  COLO  OL  CONSTANT  AT  A  VALUE  OF _  76.779 

"  FRECC’JRE  PATIO*  6.0690 

SURGE  MARGIN*  10.1900 

— EFFICIENCY*  66.8000 

**»¥  UK  <*«**»#**#**#*«**  ***»*«***»» 
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PRECISE  FUNCTION  VALUES 
_ 0.606900*01  0.10X90E+02.0. 66680E+02 


BEGIN. ITERATION. NUMBER _ 8 _ 

NOMINAL  DESIGN  NUMBER  =  12 

X-VCCTOR  _ 

0.21701E+02  "  0.79443E+01  b.86060E*6l  0.50000E+01 

FUNCTION  VALUES 

0.60690E*01  0 . 10190E+02  0.86880E+02 _ 


*  *  CCN’MIN  DETECTS  INITIAL  Xd).LT.VLB(I) 
X( I J  =  0.0  VLB(I)  =  0 . 9537E-06 

X(I)  IS  SET  EC'JAL  TO  VLB(  I )  FOR  I  =  4 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 
DELTA-X  VECTOR 

_ -C.11016E*01  _0.2420CE  +  01_-0.3000CE  +  01_0.215eOE-05_ 

X-VECTCR 

0.23600E+02  0 . 10365E*02  0.56060E*01  0.50000E+01 

APPROXIMATE  FUNCTION  VALUES 

0. 61052E+01  0 . 10423E+02  0.86997E+02 

*****  »»****«**>(***»*******«»»*»*»* 


SET  VANE  1  TO  20.60  OECREES 

_ SET  V/.ME  2  TO  10.37  OEGREES _ 

SET  VAN'S  3  TO  5.61  DEGREES 

_ SET  VANE  4  T0 _ 5.00  DEGREES _ 

IIOLO  RTMC  CONSTANT  AT  A  VALUE  OF  5567.500 

HOLD  OL  CONSTANT  AT  A  VALUE  OF  76.779 

PRESSURE  RATIO*  6.1030 

SUR3E  MARGIN*  10.1800 

_EFFICIENCY= _ 86.8200  _ 

********************************* 


PRECISE  FUNCTION  VALUES 

0.61030E+01  0.1018CE+C2  0.86820E+02 
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BEGIN  ITERATION  NUMBER 


9 


NOMINAL  DESIGN  NUMBER  =  ~13 

x-VEcros 

_ 0.20600E+02 _ 0 . 10365E+02  _  0 . 56060E+01 _ 0 .5000CE+01 

FUNCTION  VALUES 

0.61030E+01  0.1018CE+02  0.66320E*02 


RESULTS  OF  APPROXIMATE  OPTIMIZATION 

_ OELTA-X  VECTOR  _  _ 

0.44074E+00  -0.2U7BE+00  -0.60596E*00  0.0 

X-VECTCR 

_ 0 . 21040E+02 _  0 . 10153E+02.  0 . 50000E+01 _ 0 . 50000E+0I 

APPROXIMATE  FUNCTION  VALUES 

0.61053E+01  0 . 10138E+C2  0.8S828E+C2 

**«»>•  «***«*#* 


SET  VANE  1  TO  21.04  OEGREES 

SET  VANS  2  TO  ~  10.15  DEGREES 

SET  VANE  3  TO  5.00  OEGREES 

SET  VAUE~4~TO  5.00  DEGREES 

HOLD  RPMC  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLD  OL  CONSTANT  AT  A  VALUE  OF _  76.779 

r::cs3u.?E  ratios  6.1020 

SURGE  MARGINS  10.2100 

EFFICIENCY2  66  .'6000 


PRECISE  FUNCTION  VALUES 

0.6102CE*C1  0 . 1021CE+02  0.86800E+02 


BEGIN  ITERATION  NUM3ER _ 10 

NOMINAL  DESIGN  NUM3ER  =  14 

X-VECTCR 

0 . 21Q40E+02  0.10153E+02  0.50000E+01  _6.506b0E+01 

FUNCTION  VALUES 

0.6102CE+01  0.10210E+02  0.86800E+02 
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RESULTS  OF  APPROXIMATE  OPTIMIZATION 


OPTIMIZATION  HAS  PRODUCED  AN  X-VECTOR  WHICH  IS  THE  SAME  AS  A  PREVIOUS  DESIGN 

_ OELTA-X  VECTOR _ _ _ 

-0.53784E-07  0.0  0.6  0.6 

X-VECTOR 

_ 0 . 2104GE+02 _ 0. 10153E+02_  0.50000E+01_ 0.50000E+01 _ 

THE  FOLLOWING  OESIGN  IS  NOT  THE  APPROXIMATE  OPTIMUM 

_ DELTA-X  VECTOR  _  _  _  _ 

0.20000E-01  0.20000E-01  0.10000E-01  O.IOOOOE-Ol 

X-VECTOR 

_ 0 . 21060E  +  02  0 . 10173E+02 _ 0 . 50100E+01 _ 0..  50100E+01 _ 

APPROXIMATE  FUNCTION  VALUES 

0.6101GE+01  0.10210E+32  0.86S04E+02 

a###**##***?*****###**#***#*****# 


SET  VANE  1  TO  21.06  DEGREES 

SET” VANE  2  TO"  10.17  DEGREES 

SET  VANE  3  TO  5.01  DEGREES 

SET  VA! :E”4~T0  5 . 01  DEGREES' 

HOLD  RFI1C  CONSTANT  AT  A  VALUE  OF  5567.500 

_ HOLD  OL  CONSTANT  AT  A  VALUE  OF _  76.779 

'PRESSURE  RATIO*  6. 1050 

SURGE  MARGIN*  10.1500 

—  EFFICIENCr*  86.3203 


FRECISE  FUNCTION  VALUES 
_ 0 . 61C50E+01 _ 0.10150E+02 _ 0_.86S20E*02_ 

FINAL  RESULT  OF  APPROXIMATE  OPTIMIZATION 
NOMINAL  OESIGN  NUMBER  =  15 


X-VECTCR 

0 . 2IC60E+02  0 . 10173E+02  0.50100E+01  0.50100E+01 

FUNCTION  VALUES  _  .. 

0  .oIOCOEtCI  0.10150E+02  0.86C20E+02 
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RESULTS  OF  APPROXIMATE  ANALYSIS/OPTIMIZATICN 


TITLE  ...  . .  ..  . . . 

*****,;#*«*****#«)**i»**»*«#**#i»*#*#«iHMHHH,  ##**»»»#**»#** 


GLOBAL  LOCATIONS  OF  X-VARIABLES 
12  3  4 


GLOSAL  LOCATION'S  OF  FUNCTIONS,"  FIX) 
9  6  7 


APPROXIMATION  IS  BASED  ON  "  15  DESIGN'S  ' 
NOMINAL  DESIGN  IS  OESIGN  NUM3ER  15 


VALUES  OF  X-VARIABLES 

0 . 2106E+02  0 . 1017E+0Z  0.5010E+01  0.5010E*01 


VALUES  OF  FUNCTIONS,  F(X) 

0.61052*01  0.1015E+0?  0.0682E*02 


COEFFICIENTS  OF  TAYLOR  SERIES  EXPANSION 


PARAMETER  *1  =  GLC3AL  VARIABLE  9 ' 

LINEAR  TERMS,  DEL  F 

-0.2044E-01  -0.1362E-01.  -0.1451E-01  -0.1750E-01 


NON-LINEAR  TERMS,  H,  BEGININ3  WITH  DIAGONAL  ELEMENT 

RON  1  "  . . .  . 

-0.1643E-C2 

RON  2 _ _ _ _ 

-0.5373E-03 

ROV!  3 

0.3395E-04 _ _ _ _ _ 

RON  4 

0.6535E-03 


PARAMETER  2  =  GLOBAL  VARIABLE  6 
LINEAR  TERMS,  DEL  F 

~  -0.4634E-01  -0.1312E-01  '0.4856E-01  0.77I5E-01 


NON-LINEAR  TERMS,  H,  BEGINING  WITH  DIAGONAL  ELEMENT 

RON  1 

-0.2460E-01 

RON  Z  .  ' 

-0 . 326IE-02 

RON  3  _ 

-0.2334E-01 

RCN  4 
-O.I294E-01 
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PARAMETER  3  =  GLOBAL  VARIABLE  7 
LINEAR  TERMS,  DEL  F 

0.1044E+00  0.6735E-01  0.5474E-01  -0.4966E-02 


NON-LINEAR  TERMS,  H>  BEGINING  WITH  DIAGONAL  ELEMENT 
RON  1 

_ -0^2775E-01 _ 

RON  2 

-0.3713E-02 

RON  3 

-0.9915E-02 

RON  4 _ 

-0.4343E-02 

OPTIMIZATION  RESULTS 


OBJECTIVE  FUNCTION _ _ 

GLC3AL  LCCATICN  9  FUNCTION  VALUE  0.61050E+01 


OESIGN  VARIABLES 


0.  V 
ID  NO. 

_  1  _  1 

2  2 

3  3 

4  4 


GLOBAL  LONER  UPPER 

VAR.  NO.  BOUND  VALUE  BOUND 

_  1  _  0 . 1C000E+02  _  0 . 21060E+02  0.3FCOOE+02 

2  0 . E0002E  *01  0.10173E  +  02  0.25000E+02 

3  0 . 50C0CE+01  0.531C0E+01  0.250COE*02 

4  0.5Q000E+01  0 . 53100E+01  0.2500CE+02 


DESIGN  CONSTRAINTS 


GLC3AL  LO'.IER  ~  '  'UPPER' 

10  VAR.  NO.  EO'J' ”3  VALUE  BOUND 

1  6  O.SrCCCE+OI  0.10150E+02  0.10000E+03 

3 _ 7 _  0 . 87000E»02  0.6S820E*02  _  0.10030E+04 


_***«  ***  FINAL  SOLUTION  VALUES  **«*«»** 

VANE  ANGLE  FOR  VANE  1  IS 

VANS  ANCLE  FCR  VANE  2  IS 

VANE  AM3LE  FOR  VANE  3  IS 

VANS  AN3LE  FCR  VANE  4  IS 

FRES3URE  RATIO*  6.1050 

'EFFICIENCY*  6618200 

SURGE  MARGIN*  10.1500 

RF.NC  NAS  HELD  CONSTANT  AT 
OL  NAS  HELD  CONSTANT  AT 

PROGRAM  CALLS  TO  ANALIZ 

ICALC  CALLS 

1  1  _  __ 

2  13 

3  1 


21.06  DEGREES 
10.17  DEGREES 
5.01  DEGREES 
'  5.01  DEGREES' 


5567.50 

76.70 
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